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I. INTRODUCE ON 


The intent of this thesis is to solve diverse types of 
problems in the field of radar and Electronic Warfare, with 
the help of microcomputers, in order to help training offi- 
cers to better understand this area of technology. 

Many of our Naval Officers today have microcomputers which 
they take to sea with them. In addition a new MIL-SPEC 
Hewlett-Packard microcomputer iS becoming operational on all 
Naval combatants. These PC's have the potential for provid- 
ing an excellent resource in the tactical training of the 
officer in problems in electronic warfare and radar. All too 
often at sea these technical problems are brushed aside and 
left for civilian technicians. There is however a great need 
for the technically trained officer to be able to handle the 
Changing technical EW radar situations. These sample prob- 
lems may provide help in attacking some of the problems that 
Ene Operating Naval Giitreer will eneounton. 

Microsoft Basic and the interactive method have been used 
to write the programs that solve these problems. Microsoft 
Basic 1S an easy language for anyone to understand and as a 
result, the user can easily modify the programs. Also, be- 
cause Microsoft Basic is available in every microcomputer, 
there 1s no need for one to make changes to run these programs 
on different microcomputers. The interactive method gives one 


the opportunity to input any chosen data and the ability, by 
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meng ing this data, to study the different performances of 
radar and jammers. 

In solving these problems, the following have been taken 
into account: The performance of the radars, the ability of 
the radars to track targets, the design of radars for special 
purposes, and the design and study of different types of 
jammers. Special emphasis has been given to select these 
problems so that there would be a diverse field of different 
types of radars and jammers for numerous purposes, including 
their use in different conditions of operations. This selec- 
tion of problems has been done in such a way that they can 
help a training officer to comprehend and perceive or to help 
an engineer evaluate a radar or a jammer he/she may wish to 
design. 

In Chapter II, the author presents material which is needed 
to solve the problems of Chapters III and IV. A brief explana- 
tion for each equation is given as in Skolnik [Ref. l]. 

The third part of this thesis encompasses problems that 
refer entirely to radars. 

The fourth part deals with the problems of radars and 
jammers and how dissimilar types of jammers affect the radars, 
problems in which different categories of transmitting and 
receiving antennas are examined, and problems on different 
types of jamming techniques. Most of these problems have been 
mewen from [Ref. 3]. 

The conclusion drawn from this software development is 


contained in Chapter V, Conclusion. 
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Appendix A lists the computer programs and outputs from the 
results of each radar problem of Chapter II. 
The contents of Appendix B are similar to Appendix A but 


deal with electronic warfare problems. 
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II. EQUATIONS AND FIGURES 


The problems addressed here cover a wide range of ques- 
tions that one might encounter in radar and EW. For example, 
what detection probability is required? What is the maxi- 
mum range given a radar's power and target RCS? What range 
inaccuracies are involved when FM ranging and what problems 
in doppler radar occur in terms of blind spots? What improve- 
ments are gained from MTI radar ina clutter environment? 
How can the radar receiver power be computed, as well as the 
noise power, and signal-to-noise ratios? What are critical 
parameters in an MTI-chaff discriminator? In a phased array 
system, what is the beamwidth and phase shift between ele- 
ments? These and.many other problems are addressed. 

Herein are the functional relationships in the field 
of radar and electronic warfare which are used to solve 
the problems in Chapters III and Iv. They are given with a 


Meret description in (Refs. 1,2,3]. 


Maximum Unambiguous Range: 


_ e 
Runamb = 5 (1) 


where: 


3S 


rh 
ll 


pulse repetition frequency, Hz; 


S = speed of light = 3 ee my S: 


The factor 2 appears in the denominator because of the two- 


way propagation of radar. 


Maximum radar range in terms of radar and target 


Pabaomecers. 
P. GA oO 
R = | J (29) 
me 2 
me (4n)° S_. 
min 
where: 
P = transmitted power, watts; 
G = antenna gain; 
2 
A, = antenna effective aperture, m ; 
2 
= yadar cross section, m ; 
er Oe minimum detectable signal, watts. 


The radar equation (2) with some modifications becomes: 


P GA ip. OMI Ban 
4 
R _ av a a8 (2a) 


max Z 
(47) k Te Be (B) i (S/N) 1 Le 


where: 
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Max 


i 
p 


(S/N) 5 


Equation 2 (a) 


maximum radar range, m; 


antenna gain; 
2 
OMeecimamarmereuie, mM 
antenna efficiency; 
number of hits integrated 
integration efficiency (less than unity) 


system losses (greater than unity) not 
included in other parameters; 


; 2. 
radar cross section of target, m 


noise figure; 


2 


Boltzmann's constant = 1.38 x10. : J/deg. 


ZOO 


standard temperature 


receiver bandwidth, Hz; 
pulse width, sg; 


pulse repetition frequency, Hz 


Signal-to-noise ratio required at receiver 
Output (based on Single-hit detection). 


1s written in terms of power; it can also be 


written in terms of energy with the following modifications: 


(a) The energy in the transmitted pulse is 


i> 


(bo) The signal-to-noise power ratio (S/N), Can be reprages 
by the signal-to-noise energy ratio (E/N o)1, where 


E = s/t (received signal energy), and No = N/B (noise 
energy). 
(c) Bt = 1, and TOF, =] fe = syscemenolse cemerartece 


Then, the radar equation 2(a) can be written as: 


4 E GA po nE, (n) 


R = a (2b) 
ee (4n)* oe )E/No)1"s 


Equation 2(b) is applied to rectangular pulses, and if matched 
filter detection is employed, can be applied to other wave- 
forms as well. 


Thermal-noise power, generated by a receiver is: 


N aipimiedlea Ee ) 
where: 
B. = receiver's bandwidth, Hz; 
T, = temperature at which the noise power is 
generated, degrees kelvin; 
-23 
k = Boltzmann's constant = 1.38 x10 J/deg. 


Minimum detectable signal S_._: 
a ne main 


min ~ RTS en nn Poe ae i) 
where: 
7 ; = 23 
k = Boltzmann's constant = 1.38 x10 J/deg.; 
Ty = standard temperature = 290 degrees kelvin; 


lo 


B = receiver's bandwidth, Hz; 


n 
Bi = receiver's noise figure; 
(S_/N — Hep aero Of output (EF) signal-to-noise 
oe. Oo min 


ratio, required for detection. 


False alarm probability: Pr, 


1 
Pf = (3), 
a a x Boo 
1 Ve 
© = —— 8p 2 (5a) 
tel Bor 200 
mmer eC : 
aa = false alarm time; 
Bop = bandwidth of the IF amplifier; 
Vin = threshold voltage 
Vo = noise voltage. 


Number of pulses n returned from a point target, as the 


|B) 


radar antenna scans through its beamwidth is: 


Op ifs OB ft 
n Se. fe (6) 
B 6 OW 
m 
S 
where: 
8, = antenna beamwidth, deg.; 
to = pulse repetition frequency, Hz; 


it 


antenna scanning rate, deg/s; 


CD e 
ll 


W = antenna scan rule, rpm. 


Integration ek ticitoney E,(n), 


(S/N) 5 


E, (n) = n(S/N)_ i 7) 


where: 


Signal-to-nolise ratio of a single pulse 
required to produce given probability 
of détection (tor n° — 


(S7N) 


Signal-to-noise ratio per pulse required 
to produce some propability of detection 
when n pulses are integrated at the same 
Pa and Pani 


n = number of pulses integrated. 


(S/N), 


ik 
n = genes (S) 
‘ Pra 
wnere: 
P = talse alarm probaewiie. 


fa 


Collapsing loss, L, (m,n): 


L, (mtn) 


ce =e 


; | 


| 
LO 


Mii, 


where: 


ES 





L, (m+n) = integration loss for (mtn) pulses; 
L; (n) = integration loss for n pulses; 

n = noise pulses; 

m = signal-plus-noise pulses. 


Doppler frequency shift, £4: 


2u,. Zit) i 
Scles | C eo) 
where: 
Bh ae relative (or radial) velocity of target with 
respect to radar; 
f = transmitted frequency; 
© = velocity of propagation = 3 LO" w/Ss 


16g fa UG ele Ze. uy in knots, and A in meters, then 


1.03u, 
Es aaa (10a) 
Beat frequency, fis 
fF = £7 = Se ¢ (11) 
1 O ChmeOk, 
where: 
fe = rate of change of the corner frequency. 
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Blind speeds, un 





ay nivAf 
age oe Ip Fa ee 
p 
Whe Ge: 
f. = pulse repetition frequency, Hz; 
r = wavelength of radiated frequency, w. 


(12) 


If }\ is measured in meters, t. in Hz, and the relative velocity 


in knots, the blind speeds are: 


‘Clay, wen 





Clutter attenuation, CA: 


ae DiS ae 
l= @€xXptazi” sine ) 
where: 
1 = * Sea P50. 
T = time delay of the delay line; 
Oo, = rms frequency clutter spread. 
If the exponent in the denominator of Eq. (13) is smalie 
a £7 
= 
2m ae 


Z0 


(12a) 


then 


(13a) 





where: 


2 2 
a =" panbameter dependent upon clutter = c [803 
o, = «rms velocity spread; 
f., = pulse repetition frequency; 
fy = radar carrier frequency. 


Improvement factor of 2 pulse canceller, 


Improvement factor for a double delay line canceller 


a ag 
ant 
IL. = —7 (15) 
20 £ 
Oo 
Power antenna gain, 
GS ie Gy (16) 


where: 


P 


2 maicmat VOnmerr eclency stactor: 


Sp 


directive gain of the antenna. 


The gain G, and the effective area Ae of a lossler antenna 


are related by 


47p_A 
G = faeece eee O (16a) 
a. as 


Zi: 


where: 


XW = wavelength of radiated energy, mM; 
A = physical area of antenna; 
Pao antenna aperture efficiency. 


Also, the relationship between the gain and the beamwidth of 


an antenna is given by 


Gg. «see (16b) 


9p? 
where OR: dp are half power beamwidths, in degrees, measured 
in the two principal planes. 


Array antenna radiation pattern, 


G(o) = G (6) G. (8) Cie} 
where: 
G. (8) = element factor: 
CS), =e abies LaGror. 


Half power beamwidth, 


083165) 


B NN. cos 6 (18) 
O 


where: 


A = wavelength, m; 


ge 





N = number of error elements; 
qd = distance that the array elements are spaced, m; 
a = beam position off broadside. 


Phase shift between adjacent elements of the array, 


6 = 2n(d/rA)sin 8G (Eo) 
where d, \, oie are defined as in Eq. (18). 


Distance between radar and target along the line of sight, 


dq, = ¥2kah, 7 ¥2kah, (20) 
Piaere : 
a = earth's radius; 
ee EIGeorNaACCOUnE fOr Tetraceion due to a 
Miietenm Gradlen: Of relkmaction, ; 
h,/h, = heights of radar antenna and target, respectively. 


Power received from the clutter, 


P GA, O 
a ——T- (22) 
(47) R 
where: _ 
Pi = transmitter power; 
G = antenna gain; 
re = antenna effective aperture; 
R = range 
oa GlUEEeGE Cross Section. 


ZS 


Signal power returned from a target with cross section 


P_GA_o 
Ss = + St (22) 
(47) R 
Range of a Oth radar, 
; oe G, GC. Ne O pe To 
poe > (25) 
(47) N, (S/N) Be 
where: R = yrange; 
ae = average power; 
G, = transmitting antenna gain; 
GL = receiving antenna gain; 
r = wavelength; 
Ce) = target cross section; 
Fy = factor to account for the one-way propagation 
effects; 
Hee = coherent processing gain; 
No = receiver noise power per unit bandwidth; 
(S/N) = Signal-to-noise (power) ratio; 
L. = system losses. 
Cross over range, 
IS 
Ro Ss oe sai J (24) 
Ss ee G. 4T Be S 
where: 
Pi, = radar transmitter power; 
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P_. = jammer transmitter power; 


ec} 

G.. = radar antenna gain; 

os = jammer antenna gain; 

O = target cross section; 

Bs = jammer bandwidth; 

B,. = radar Signal bandwidth; 

J/S = Jjammer-to-radar Signal (power) ratio at the 
output of the IF required to mask the radar 
Signal. 


Jammer noise power per hertz at the radar, 


where: 


Pes G. A. 
Jog alee ee (22: 
47R B. | 
J 
i effective receiving aperture of the radar 
antenna; 

R = range of jammer from radar; 
G. = jammer antenna gain; 
Be = jammer bandwidth; 
Bit = jammer transmitter power. 
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4,(2), integration loss, d8 
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weights. The improvement for all filters 
1S indicated by the dotted curve 


35) 


=“ ok 
lal ty = 3.001 


Improvement factor — dB 





oe fe 
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limited by platform motion (solid lines). 
Effect of the DPCA compensation (dashed 
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Comparison of several types of spectral weighting functions: 


TABLE lL 


Preobpetina OF WEIGHTING FUNCTION 


Peak Mainlobe Sidebbe 

Mertonting Function Sidelobe LOSS width decay 
db db (relative) NEU gOue Le, ag) 

Uniform = G2 0 ears aie 
0.33+0.66cos* (TL/B) = 2 ee, Oe ys | As: LE 
pee 2/8) =—3 17 ie OS L6i5 1/t> 
Taylor (n = 8) -40 4 Lea fic 
Dolph-Chebyshev -40 eee Lae 5 ik 
Me +0 .92c0s~ (72/B) 
(Hamming) -~42.8 1.34 eS 0 ae 


B = bandwidth 
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III. RADAR PROBLEMS 


A. PROBLED + ESV bE ree rare.) 

Consider the design of a shipboard search radar. False 
alram rate 1S an annoying problem for the radar operator. 
Threshold detection is to be used. The bandwidth of the I-F 
amplifier is Blip = 4 MHz. Calculate the threshold-teamie 
noise voltage ( ) for a mean time between false alarms, Teas of; 

a) 5 minutes 


b) 50 minutes 


Cc) 500 mimiulees 


Solution 


From 80... «2226 )8 (Skool ec ae 


Yq 
ik = — exp =— (1) 
fea Bop 200 
where: 
Ss false alarm time; 
Bor = bandwidth of the amplifier; 
Vin = threshold voltage; 
dey _ 
Yo = rms noise voltage. 
Prom Hom. ()). 
ee | dy are 
Viv 0, = 2ikn(Tp,-Bip)} (2) 
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S@eceituting in Eq. (2) the values of Toa and B we find for: 


Jie 

emt. A: 

threshold-to-rms noise voltage: Vip/ Vb, = 6.466 (numeric) or 
he IMOUS tollome 

Pemet |}: 

threshold-to-rms noise voltage: V/Vb, = 6.613 (numeric) or 
8.433 5mrG >. 

mare Cc: 

threshold-to-rms noise voltage: VJ Vb, = 7.143 (numeric) or 
Sooo db. 


B. PROBLEM #2: DETECTION LOSS 

For a non-fading target, with probability of detection 
Pa = 0.99 and a false alarm number Ne = OS with non-coherent 
integration, find the collapsing loss, if 


a) n= 10 and m= 10 


210. 


‘oy 
= 
Il 


10 and m 


solution 
Heomeniqure 26a(a) (Skolnik, pasweclj™we can find the inte- 
gration loss for L, (m+n) and L.(n), Slmcer the probability of 


detection P 4 and the false alarm number N¢ are known. 


L, (m+n) = L, (10+10) = L. (20) ee ee Brel 


L, (n) - L, (10) aes (Cb 


meom mq. (2.52) (Skolnik, Pg. 59), 
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L, (m+n) 





L; (m,n) See tna oy 
nl 
where: 
L, (m,n) = collapsing loss; 
L, (m+n) = integration loss for mtn pulses; 
L; (n) = “integraigion loss fomenepulsess 
Substituting in EQ. (3))) ene wamues sor L, (20) and Lenore 
we get the collapsing loss, 
L, (10,10) = 1.9 -1.3 = 0O.6 db or 1.14815 (nine eee 
Part. D: 
From the same Figure 2.8(a), we can find that 


Le (mtn) = sale 9 Oso) L. (100) = 4218s 
a i a 


L, (n) = L, (10) art 13 


Substituting in Eq. (3) the values of L, (100) and L, (10) we 


get the collapsing loss 
L, (90,10) = 4.1 -1.3 = 2.8 db or 1.905 nuntemae 


C. PROBLEM #3: MAXIMUM RANGE 


A pulse radar uses a magnetron with a peak power PL = 1.0 
Mw, a pulse width t = 1.0 us, and a pulse repetition frequency 
., = 250 Hz. It operates at A = 10 cm, and the effective 
antenna aperture a 200 m° Ten pulses are integrated after 
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detection. The receiver noise figure F = 10 db and it has a 

noise bandwidth BSS 1.0 MHz. Plumbing losses Li = 3.0 db and 

the beam shape Lis = 2.0 db. Exponential (continuous) integra- 

tion is used, resulting in a reduction by a factor of 0.85 in 

the integration efficiency. Threshold detection is used with 

a false alarm probability P aa = LO 

a) Find the maximum unambiguous range 

b) Find the maximum range for a detection probability 
eae lo en a targee with g-, = I m? average cross 
section, if fading follows the Rayleigh power distri- 
bution law and occurs from pulse to pulse (case 2). 
Assume there is no atmospheric attenuation. 


Semutilon: 


From Eq. 1.2 (Skolnik, Pg. 3) the maximum unambiguous 


range is 
_ eee 
Runamb ~ 2€£ ve 
p 
where: 
c = velocity of the light = 3 x10°, m/S; 
Es = pulse repetition frequency, Hz; 
SO, 
5 10" 5 
ieee = pas 0) = 6 x 10 pant = 600 km. 
Pace b: 


From Eq. 2.54 (Skolnik, Pg. 62) the maximum radar range 


1s given by the formula, 
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where: 


max 


16 
P 


(S/N) 


EPOm tiG« '264 3 


where: 


av 


P 


2 
(47) kT, iP (Bt) at L 


y GAP, 9 n&, (n) 


S 


maximum radar range, m; 


antenna gain; 


y 
antenna aperture, m 


antenna efficiency; 
number of hits integrated; 
integration efficiency (less than unity); 


system losses (greater than unity) not 


included in other parameters; 

2 
radar cCroSS SCCE1ON Of takger =n. . 
noise figure; 


-2 
Boltzmann ”s constant s= 1-36 -<1¢ : J/deg.; 


standard temperature 22.00 tke 
receiver bandwidth, Hz; 
pulse width, seconds; 
pulse repetition frequency, Hz; 


Signal-to-noise ratio required at receiver 


output (based on signle-hit detection). 
(oko Lith eo... 
Pes = (6) 


the average radar power, w; 


the average transmitter power, w; 
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it = pulse width, s; 


Fh 
It 


pulse repetition frequency, Hz. 


meemeBqn. 7.9 (Skolnik, Pg. 227), 








477A, 4T70_A 
or 2 = (7a) 
A d 
oe (7b) 
where: 

al effective area; 
A = physical area of antenna; 
Pp, = antenna aperture efficiency; 
d = wavelength. 


The total system losses are: 


Ms L + Ly. (8 ) 
Piaere : 
L. = system losses, db; 
L, = plumbing losses, db; 
Lig = beam shape, db. 
SO, 
a Sa > db = 3.1622 


Beem Fig. 2.7 (Skolnik, Pg. 28), the signal-to-noise ratio 


(S/N) 1 or mor ter Probability Of detection P, = 0.99 


47 


and false alarm probability Pes = Mone EEOm. FP 1G eee 


(Skolnik,; Po. 48) “the addi Pional seagnet—-o-1o1 s- wieclen@ 


(S/N) 4 a4 = 17.2 db for case 2 and Pa =". 998. (Sor 
(S/N) J nog (S/N) 5 a5 (S/N) J ga (2) 
so (S/N) = 15.9 + 17.2 = 33.1 db or 2041 (numeri 


LTOT 
From Fig. 2.24 (Skolnik, Pg. 49) the integration improvement 


factor I, (n) = 25 db = 316.22 (numeric) 
I, (n) = nE, (n) (1.03) 
where: 
I, (n) = integration improvement factor, do, 
E, (n) = integration efficiency; 
n = number of hits integrated. 


E.(n) = ClO) 





and because we have a reduction by 0.85 in the integration 





efficiency, Eq. (10a) becomes 
I. (n) 
E; (n) = = ok ON Sis (10b) 
SO 
_) Bere a 
iy el) = —— ae ee = PG SY 
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Peeeeeiseltcucing Bos. (6), (7a), (7b), (8), (9), (10) in 


Eq. (5), and simplifying, we get 


1E 


2 
(47) k ty Py B r (S/N) | nog Le 


2 
P, AL onE,(n) 0.85 We 





Rmax 


al x 10°) x(200) “x1x26.537x10 


a) ie an ee SD 
(47) x1.38x10 > <290x10x (1 x 10°) x (0.1) 7x2041.73x3.1622 


TBS Sy 7 30) 


D. PROBLEM #4: FM-RANGING, DOPPLER 

A CW FM radar operates at fo = 10.5 GHz. The frequency 
increases at a rate £. = 2 GHz/sec for T = 990 microseconds, 
and then returns to itS Original value in T = 10 microseconds. 


a) Calculate the frequency shift of the echo from a target 
at a range R = 5000 yards 


b) Calculate the range error due to doppler shift if the 
eGlosing rate of the radar and target Ue. =——2> fe, sec. 


Solution: 


meenenG. 3-10 (Skolnik, Pq. 82) 


ie = eae ea) 


Eo DIV AC cil) 


Fh 
II 


where: 


f = the beat frequency due to the target range; 
to = rate that the frequency changes; 
ay = rate that takes an echo signal to return; 
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ve 
Il 


tame = pecige-, 


speed of light = 3 Stag AGUe 


QO) 
II 


So, from Eq. (115) the frequency short ter: 


9 
¢ _ 2 alts <2 85 0) Ore aes = 60.930 ue 
18 8 
nO 


xsl gies je) 


From Eq. 3.2(a) (Skool uh eco) 


2U_. 
fa 7 (2s 
r 
where: 
fy = doppler Erequency sh iit ,9az-; 
Ue = relative velocity, m/s; 
d = wavelength of radiated energy, Mm. 


SO, EcomsBGy (2) 


9 
f, = 225% 0-305 500. 510 eee 


> ed) 
The range error is given by the 


Rxf 
= d 
AR = Fs (13) 
a 





5O; 


3000. x 533077 5 
60.9537 0 


AR 


or 0.43 m = 0.4379% yards. 
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3 = 43.798 yards = 40.0312Z5mm 


Eee PROBLEM #5: BLIND SPOTS IN DOPPLER 
A 9 GHZ radar operates with a pulse width tT = 1 us anda 
PRF f., = eLOOOQ Hz. 
a) What is the first blind speed? 
meee yet aircraft is flying U_..= 600 knots. If the above 


radar detects the aircraft?*will there be a doppler 
ambiguity? Explain. 


Semucion: 


moon EQ. 4.8 (Skolnik, Pg. 108) 


ore 
Vin = (14) 
where: 
Ujn1 = the first bline speed, m/s; 
r = wavelength, Hz; 
=5 = pulse repetition frequency, Hz. 


So, the first blind speed is 


1 8 
Up, = £2 = eee oraain/s = 32-36 knots 
2) xe9ex 10 
Port b: 
Since U_.. = 600 knots > U = 32.36 knots, there will be 
air Ike) 


a doppler ambiguity. 


ee PROBLEM #6: MTI 
A 1000 Hz PRF radar with a clutter spectral width oa 10 
HZ, uses a 3 pulse delay line canceller, with optimal weighting. 


What is the MTI improvement factor in db? 


a)de 


Solution: 


Clutter spectral width _ ¢ 16 
radar PRF 


Fh 
= 
© 
[) 
© 


From Figure 4.25 (Skolnik, Pg. 124) the MTI improvement factor 
I = 55 db, for a 3-pulse delay-line canceller, with optimum 


weights, and Sra 8 = 0.01. 


G. PROBLEM #7: POWER, NOISE POWER, S/N 


The following data for a pulse radar is available: 





Peak power os = 200 kw; 


Pulse repetition .rate i = 300 HZ; 

Pulse width t = 60 microsec; 

False alarm time Tes = 2.2 Enrs; 

Receiver noise figure r= 6 5edis; 
Transmitter frequency, f = 400 MHz; 

lei Por = 120 MHZ; 

IF bandwidth: Bop eles > ME Ze 

Antenna power gain: G. = 21 db; 

Minimum detectable signal MDS = -115 dbm. 


a) What is the average output power? 


b) What is the noise power? How does it compare to the 
minimum detectable signal? What is the rms threshold 
power to noise ratio if no pulse integration is performed? 


c) For a target of 0 = 1 sq. m cross section which ftli¢peae 
ates from pulse to pulse according to the one-plus- 
Rayleigh power distribution, what is the minimum signal 
to noise ratio required to achieve a probability of 
detection if n = 30 pulses are integrated after 
DOSE-Gerectilon? 


oe 


aemeese (o/N) 7, — 4 db as the answer to the above problem 
instead of the solution you obtained. Assume the total 
system losss Lg = 1 db. What is the maximum range of 
the radar for the detection of the target described 


above with probability of detection Ps = 0.5? 


e) If the radar has a minimum range R = 10.5 km, what is 
its approximate TR recovery time? 


seem 1on: 
moae a: 
From Eq. 2.43 (Skolnik, Pg. 52) the average output power 


may be written as: 


P Se. OX Txt (16) 
av p p 
where: 
Po = peak power, w; 
a" = width of the transmitted rectangular pulses, 
See, 
Es = pulse repetition rate. 
SO, 
B =o 
cae = (200 x10 ) x (60 x10 ~) x300 = 3.6 kw 
Part b: 


Hmemenag. 2.2 (Skolnik, Pg. 18) the noise power Ne generated 


by a receive of bandwidth B at a temperature T (degrees 


de 


Kelvin) is equal to 


2). 


where: 


k = Boltzmann's constant = 1.38 Slog J/deg.; 
T = 290° Kelvin (room temperature). 
SG, 
See hase ~10°77) x290 x (1.25 x10°) = 5 x00 = Meneses 
=F f= iS aeion:. 
The noise power aS -l113 dbm > MDS = -115 dbm. 


From Eq. 2.26 (Skolnik, Pg. 25) the threshold power to noise 


ratio is equal to 


Z 
Vip 
20, ; oN es Tah ee 
where: 
Tes = false cea time; 
Bop = bandwidth of the amplifier; 
Vin = threshold voltage, 
yr’? = rms noise voltage. 
SO: \ 
Vn 6 9 
Fi a £n(22 x 3600 x1.25 x10) = n(9.9 x10 ) = oe 
O 
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Raaet Cc: 


peommri1gwre 2.7 (Skolnik, Pg. 28), for probability of detec- 


tion P, = 0.5 and false alarm probability Pa —————— 


B 
il : = 0 


tea ‘ 101 
——————_—__— F 10) , the signal-to-noise ratio 
wee 3000 x1.25 x10 


(S/N), = 13.6 db. 
From Figure 2.23 (Skolnik, Pg. 48) the additional signal-to- 


noise ratio for one pulse is (S/N) 1 ogq ——ileO Coes SO; 


(S/N) i no = (S/N) 5 7 (S/N) 1 9Gq aie eon ta 0 = 1426 db 
fease 4). 
Poem Figure 2.24 (Skolnik, Pg. 49) for Ps 0). S agen piel icieya 
n = 30 integrated pulses the integration improvement factor 
I,{n) = 11.4 db. 
ee ; (S/N) 1 nog 
The minimum signal to noise ratio (S/N) 35 = aC a = 
mapoe(cb) — 11.4 (db) = 3.2 db. : 
mart da: 


The basic radar range equation may be written as: 


4 P 6? 12 O 
_ cl 
Rnax - 5 (19) 
(47) i ae Boe F S/N) 35 Lo 


A simple way to handle the mathematics is to convert all of 


men rEaACtCOrS to dd andthen add and subtract. 


Numerator 
Py = 200 210° watts = +53.0 dbw 
ae =—eee2 <2) db = +42.0 db 


Sp) 


yaad (2 «10° \? 
400 x ii 


= Uma 


i, Sea, Sy = 


Q 
II 


ji N = 


Denominator 


(4m)? = 3 R03 db 


a a lace W/Hz 


P25 lane HZ = 


to 
lI 


F = 6,5 -dbe == 


2 8 
{| 
>| 
M 
Fah 
( 
Mm 
O 
ll 
oo 


one [922 50> “(]9 6s 


Part €2 


The recovery time is equal to 


3 
Meic, S22... we Ee = aan 


3x10 


6 


-12.5 db (negative 
because of 
characteristic) 

+ 0.0 db 


+92. 5 "ala 


fw 3 2 ene 
-~ 204 dbw 
+ "60 79a 
“6 2 Serene 


=98>7 doy 


47.8 db 


= 10 usec. 


H. PROBLEM #8: MTI-CHAFF DISCRIMINATOR 
A 6 GHz, 1000 Hz PRF MTI radar uses a double delay line 
canceller against chaff. What is its improvement factor in 
db? 
Selucion: 
The improvement factor, for a double canceller is given in 


Eq. 4.26 (Skolnik, Pg. 133) and is equal to: 


a’ a 
Cc ee (20) 
an E 
where: 
f = the pulse repetition frequency, HZ; 
fo = the operating frequency, Hz; 
TT eS a4 1.9 
a = parameter dependent upon clutter. 
2 2 8 
The parameter a= oc [80.5 where c = 3x10 m/s, ae = the rms 


velocity spread. 


From Figure 13 (Skolnik, Pg. 16-17), the rms velocity 


Spread varies from On. = 0.4 m/s to On = I> mys, so 
Z 8. 2 
ze ‘e — mE a 16 
eal = e 2. = PLT = yx 0 and 

Oy p 
2 8.2 

- 2 BS 3 2 
Bu 


a 


16 


So, the improvement factor for a, = qa 1E0) is 
Zz 4 
I = “al z= ae Sie): x (1000) ° 
oom on me 2 re ele x 107) 
4 
= <175.94" 6 = 43 db 
6 


and for a. i. 25a Oe ees 


2 


16,2 4 
I = stele 0 


pice. 2xT x (6107) 
So, the improvement factor is from 43 db to 27 db. 


I. PROBLEM #9: MTI-CHAFF-CLUTTER DISCRIMINATOR 

Find the approximate reduction in the improvement factor, 
I, in db from the near ideal case, when the PREF Acs = 30002 
and the clutter doppler frequency is shifted on the average 
DY i 30 Hz and the rms clutter spread 1S approximately 
a 3 Hz. Assume a three pulse canceller. 
56 Eitan: 

rms clutter spread 3 


oe pulse repetition freq. ~ 300 — BOS: 


Also, the 


Mean Ered. JOL ene re Pier ta soe Sst oe 0.1 
pulse repetition freq. 300 ; 


So, from Figure 4.34 (Skolnik, Pg. 141) the reduction of gene 
improvement factor I = 24 db, for the near ideal case andeaee 


three pulse canceller. 
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J. PROBLEM #10: PHASED ARRAY-BW 
The radar AN/FPS - 108 (COBRA DANE) is designed to scan 

up to 60 degrees off the antenna center axis. Assume the 
separation between two adjacent active array elements d = 210 
cm and the radar is operating at £ = 1250 MHz. The diameter 
of the phase array antenna is D = 29 m. 

a. What is the phase difference between two array elements 

along the horizontal direction if the antenna is 


steered along this direction, 10 degrees off center? 


b. What is the beamwidth at this angle, if each array 
element has the same output power? 


Semut lon: 
maki a: 
In order for the main beam of the radiation pattern to be 
positioned at an angle 8 = 10°, the phase shift between 


adjacent elements of the array must be: 


Gl. ae 
o = 21> Sin Oe (21) 
where: 
ad = separation between two adjacent elements, m; 
XK = wavelength, m; 
85 = degrees of center, of the position of the 
Omeehha. 


So, the phase difference between two adjacent array elements 


6 
en ies 09° ~«(0N9 radians) 


3 10 


Se, 


Part b: 
From Eq. &.13 (Skolnik, Pg. 284) the half-power beamwdith 


1s equal to: 


"01-8 66 a7. 
23) ee sch cos c (ee 
O 
where: 
N = number of elements = 1; 
ad = diameter of phase array antenna, mM; 
BG = degrees of center, of the position of the 
antenna; 
r 


= wavelength, m. 


So, the beamwidth at es 10°, for the same output power of 


each array element is equal to: 


g 
go — = Ue eS eee 798 x10" radiene 


ie oe 120 ae xcos 10 


Oty 2 


K. PROBLEM #11: PULSE RADAR-RMAX 


Estimate the maximum range Rn for the following pulse 


ax 


radar system: 


Antenna gain G. = 21 db; 
Peak power Py = 2 MW; 
Frequency Ey = SOC iz. 
Ambient Temperature qT. = 62°F 
Receiver bandwidth BL = 1 MHz; 
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Z 
Wereget: Jet airliner with o= 5 m ; 


Receiver noise figure ae = 10dbw; 
Pulselength f= 3 MLCLOSEC. ; 
I, (n) = nE; (n) = melo, 5 odie 


It is desired that the probability of detection be at least 
90% and that the false alarm rate not exceed 1 eae Assume 
system losses are compatible with an airport surveillance 


radar system Le = 6 db. 


Solution: 


The basic radar range equation may be written as: 


P Ge NG 6 nh Bain) 
z _ mn. © i 
R CS = (23) 
max 


(4m)" KT BL FL(S/N), L, 


For the numerator: 


E = 2 wali watts = + 63 dbw 
e = 2x21 dbi = + 42 db 
ee =a). 36 wi = - 4.4 db 
o = Sm - faa 0 “db 
nE, (n) —BelosGd> = jp 1G 5 “elle 
2 N =e) bw 
Denominator: 
(oa = 3x10.97 db = spe 5) 2 alls) 
kT. = 4 aque w/Hz = 204 dbw 
a Ve HZ = af Osis) 
i = 10 db = 70" db 
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(S/N) 4 =-15.47db75— + Lees 


Le — omc + 6 db 
gD) a ee mello 

R = Jfsy - sp) =. SUE cone 

maxX 4 4 : 

R = 12225 kit = £67 225i 

max 


PROBLEM #12: ‘TWS,- PROBABILITY OFS prrtEcy rer 


The AN/SPC-10 radar has the following operating parameters: 


Frequency 2000 Maz 
Power (peak) 200 Lw 
625 HZ 


PREF 
Pulse width 
Antenna scan rate 


Azimuth beamwidth (3 db) 


1.4 microsec. 
L65HZ 


1.5 degrees 


Antenna gain) 33-db 
Receiver noise bandwidth a Z, 
Receiver noise figure 9.88 db 
System losses (ahead of receiver) 5 db 

False alarm time 2 days 
Antenna noise temperature 75 degrees K 


PPI display + operator 
(a) Calculate the number of hits/scan on a point targee 


(b) Determine the single pulse S/N in db required to achieve 
a CEbCCGIONn Probebi ity so amr s 


62 





(c) Determine the integration improvement factor 


(d) Calculate the minimum detectable signal power in dbw 

(e) Calculate the peak effective radiated power in dbw 

(f) Calculate the effective area of the antenna in square 
(0S ees 

(g) Calculate the maximum free space detection range in 
km for a detection probability of 0.95 (with false 
alarm time = 2 days) on a0 dbsw non-fluctuating point 
target | 

selution : 

mart a: 


The number of pulses n, returned from a point target as 


B 


the radar antenna scans through its beamwidth is 


B es 60 
2 — pay Soles 360. * 'q@) * (625) 





16 
= ei fans 7 Scan 


Part b: 


The probability of false alarm is 


1 al eZ 


 — ee ane ee 
fa Te, Pip (2 ESS BSG. sec) (10° HZ) 


From Figure 2.7 (Skolnik, Pg. 28) the signal-to-noise (power) 


jmotao© 1S (S/N), = 16 db for P, = 0.95 and P = 58 Dall == 
ih d Ee 
mere Cs 
Boom Bagure 2:-3(a) (Skolnik, Pq. 31), incoherent integration 
of 9 pulses gives a) = 7 = 8.4 db. 


6 3 


Part cdc 


The minimum detectable signal power is given as 


2 


x 290 6° 


MDS aS anes tS ILO) <9 
Paine < 
The peak effective radiated power is equal to: 
Pete ~ Pe %t ee 
where: 
PY = 200 yal N = 53 db (transmitter power) ; 
G, = 33 db (antenna gain). 
OF 
oe D5 8 4328 —=Secoraiou. 
isle) ans 


The antenna effective area is equal to: 


2 = 
-_ A _ (S235 =< 20 
ae AG 
y 
ie = 0.456 m = -3.4 db 


Pita. o, ¢ 


The maximum radar range R 
max 


PG ee 
R = Dee Ne 7 4m) 
max To + Te 
aay eel Ae ( i )B, 


04 


Ve 
x 2000 


sm 


is equal to 


a ee 


(Zan 


(S/N) 4 Le 


-134.1 dim 











cae 10 Log, ) (4m) * ee lS 
eters 
Ce, _ Feoye, oe ms 
(2) Lb) sexe me ) = 10 10g, )5'—a59 ? = 9.53 db 
iO log, ) (Re a..) = [86 dbw - 3.4 db + 0 dbsw + 8.4 db] 
= [22 db = 204 + 9.53 + 60 + 16 + 5] 
4 
kG) 10g14 Ree =) 82 25405 
_ es 
Des = 10 = 36,507 em. 
Ser 
Lax =~ 36.5 KM (P ="0.95 en 0 dbsw target) 


M. PROBLEM #13: RECEIVER'S BANDWIDTH 

A 10 GHz CW doppler radar of Single sideband superhetero- 
dyne design, has the block diagram shown in Figure 3.4, pg. 75 
of [Ref. 2]. The radar is to be designed to measure the speed 
of vehicles with RCS = 10 dBsm traveling at velocities up to 
100 mi/hrs at ranges up to 1/2 miles. For reliable operation, 
a Signal-to-noise ratio and 15 db is required at the output of 
the IF amplifier. The receiver noise figure is F = 7.25 db, 
plumbing loss is 2 db and Paws 300 degrees K. The transit 


and receive antennas have gains of 20 db each. 


(a) Calculate the required receiver bandwidth 
(b) Calculate the required receiver input signal power in 
dbm 
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(c) Calculate the one way free space loss in db for a 
target vehicle at a range of 1/2 miles 





(d) Calculate the required transmitter output power 
Soluevon 
Pai “aie 

6 = 100 mi/hrs = 44.72 m/sec 

rmax 

ZU Re 10: 
= OO} _ er eee — HZ 2981 Hz 
7 3 x10 

B = 2f = 5962 Hz = GkHz 

Part b: 


The receiver input Signal power 1S equal to: 





T +7 
= _ a e : 
=e 7 (tea? te) Po ee ia am )B(S/N) out 
(1) kT = ~174 dbw/Hz 
T +7 
ae | 30041250 _ Ss 

C25 7 Sonne © 54.349). °= SIL 257d5 

O 
(3) B = 6 kHz = 37.8 db Hz 

SO} 
S54 = -174 + 7.3 + 37.8 4+ 15 = 2 -Deeaen 


Allocate 1/2 of the plumbing loss to the receiver 4 ida 


Taking this into account; we would require 


Te = = Is dame 
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racrt C: 


The one way free space loss is equal to 


47R, 2 47 x 805 m2 


i = 10 log, (—) = 10 log, | 0-03 
Loe = 110.6 db. 
Peat cd: 


The required transmitter output power is: 


Bee Ge (2b cee Ge) on 
G = 10 lo 200 2. 4 as 
cc 4710 « 


Bemecom Eq. (26) we get 


E =e tS dbm 


a1 Salo 10.6 —" ee - 20) 


Pe = 26.8 dbm 


Tf we assign the remaining 1 db of plumbing loss to the trans- 


Mitter, we obtain 


PL = 27.8 dbm = 603 m Watts. 


N. PROBLEM #14: BEND SE) = ek 

An 1 GHz MTI radar operates with a 4 period stagger T1:T2: 
Were = 25:30:27:31 and Tavg = 0.001 sec. Calculate the periods 
Tl ~ T4 and the first blind speed in knots. 


8) F 


Solves ne 


Tl + 923) ee ee 
4 avg 
2 ee eee 
ae Tn ae T4 
SubS Eat t Lnciee Gee.) el eee cl come 
25 30 Ze on 
5g Tl t+ oe Tl + 55 Tl + 55 
als Ie ease a5) 
100 = 
Ti = 4864.96 eisec 
m2 '=) 206. oaisee 
M3. <=) °955.76) Usec 
T4 = 1097.35 usec 
The first blind speed is (in knots) 
U _ tae (22.430 +274 eel) 
1 Ihe 4 


O. PROBLEM #15: 


An MTI radar 


Sketch a block diagram of a 4 
magia. 


MTD “WEIGHT S=-=BDELA Gs 


= iWOvaee sec (27) 
(Zigy 
have 
T= oe 
) = 9:3%10" © 9309 Knots 
1.02 


operates at a frequency 1 GHz with PRF = k 


Calculate the first blind speed in knots 


pulse canceler for this 


Show correct weights and delays 


Calculate the clutter rejection in db at a frequency 


of 25 Hz for the 4 pulse canceler 
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Soyeeel=t a carget with a radial velocity of 200 knots is 
viewed with this radar, of what frequency will th 
Peeeouas yiceo fluctuate? 





Beet .On: 
Part a: 
f len FRO” VLOOE 
ee 
221 Bola 10” «1.02 
Part 0: 
T al 
Ty; 2 s 
—3 ; 
Tl = T2 = lee sec 
— t 
eee ay = i= 
Ge eS Gea _ 
n= 
7 
wl hm=CUC = 1) 3Tor 2 til 
ily ! 
Ko = we —1) stilt Ol —3 
2 t . 
W3 = (-1) ee = 3 


bo 


2594 ies Knots 


aS 7 


Pare.c: 


The relative response of the 4 pulse canceler is 


HG) 


He (aa = sin? (TET) 
Pp 


bOI! 5) = 25 HZ, the Clutter rejection as 


ey ROS ey 
= Zn log, 9 Sin (T9007 - 0 Tlog(s0 7G) 
Ree = 6623580b 
ejection 
Pale Gd: 


The bipolar video fluctuates at the doppler frequency 


52 tee 3 
ioe 
d c 





ae UL 1s in knots, 


ee Ur _ OS 700 
d r “ee 


686.7. Hz 


bh 
II 
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ee 


Pee ROBLEM #1: 


EW PROBLEMS 


DETECTION RANGE, UNAMBIGUOUS RANGE 


A shipboard surface search radar has the following 


characteristics: 
meeQguency 
Pulse width (long) 
Pulse width (short) 
Power output (peak) 
eRe 
Bandwidth (long pulse) 


Bandwidth (short pulse) 
Antenna scan frequency 
Azimuth beamwidth 


Elevation beamwidth 


Antenna noise temperature 


False alarm probability 


Receiver noise figure 


ia 
n 


59600 MHz 
eS Ss 
0250S 
200 Kw 
S20 HZ 
Jha 

> MHZ 

16 RPM 

eee 

14° 

75 degrees k 
I= ib I 


10 db 


The radar polarization is linear and deflections are made by 


an operator uSing a PPI display. 


Calcualte the maximum detection range for a 1 square 
assuming that a detection 


Neglect the effect 


Calcualte the maximum unambiguous range of the radar 


(a) 
meter non-fluctuating target, 
Peooaemiinty Poa = 0.95 1s Bequired. 
of reflections from the sea surface 

(b) 

(c) 


will be detected with Pe = 


Calculate the range at which an aircraft with RCS = 
Uy 6 


10 dBsm 
Assume the target 1s 


non-fluctuating and the radar 1S operating in the long 


pulse mode. 


7A 


(g) 


Assume the radar antenna is 50 ft above the sea surface. 
For the case where the above aircraft is at the maximum 
detection range, calculate the minimum altitude at 
which the radar can see the target ina standard 
atmosphere 


Suppose that the radar signal is received by the air- 
craft above uSing a circular polarized antenna with 

0 db gain. What is the single pulse power (in dbm) 
at the antenna output terminals, when the aircraft 

is at the maximum detection range? (Assume system 
loss ies 3) (Gls) 


Calculate the camouflage factor c, for this radar as 
given by Boyd et al., for the long pulse mode 


Suppose the aircraft above carries a noise jammer and 
transmits a 30 MHz, circular, polarized spot noise 
Signal, covering the radar passband 


Assuming a J/S = 5 db is required to work the target, 


calculate tne Jammer output power required to achieve a 10 


nuatical miles burnthrough range, when the radar is operated 


in the long pulse mode, if a 0 db gain jamming antenna is used. 


SoLucion-. 


The maximum detection range is equal to 


where: 


BP. G A. On Ein) 1/4 
t ae a (1) 


= 
Z i 
(Aq) kK tty) 2, eee 





ly P, = peak output power = 200 x107 
_ ; 41250 Se 41250 
(2) G. antenna gain = Fa aeTes 


“3 °p 


1964, 932. 98d 


Vee 








. oe c Cs 
2) A, = antenna aperture = Apres ae ie 
s) ano WG 2 
sow < 10 
(4) = radar cross section of target = l m* 
Opt At 
(5) Number of hits integrated = a 
See. 5 =a; 60 7 
= Bae x (650 sec 7) (7¢) sec = 10 pulses 
Poeeerom hig. 2.8(a) 9 (Skolnik, Pq. 31), nE,; (n) = T, (10) = 7 
(G7 ) T = effective noise temperature = (FL -1)T, 


where Fs = 10 db = 10 (numeric) and To = 290°K, the 


Standard temperature. So 


2 =o = 1) 296 2 OO 


(8) k(T. +T_)B = 1.38 Se GeO Gone. 


= 3./ LO watts (long pulse) 


(ey) (S/N) 5 = Signal-to-noise ratio required at receiver 
GuUrputy— Todi w ooo (numeric) £rom 
brEogure” 2 jeavoroO mk, Pa... 28). 


Using Eq. (1), we find that the maximum range is 


R ene male w) (1964) (0.449 ne eel oo 


EEO! (4) “(3.7 x10 +" w)40 


47.9 km for the long pulse, and 


Te 


and 


B ne 1/4 1/4 
Rees = Pe Ne aes = 4977s) = 32.08 km 
rs 
for the short pulse 
Z 
So, for -o = GUS weenie Pa = One Sy 
ee 47.9 km (long pulse) 
aa pere = 32,08 km “(shore oulise) 


Part. fo. 


The maximum unambiguous range ce is equal to 


8 
R, = sf = See See 
p 2650 
Paiste: rs 
For a o = 10 mi target, the detection range will be 
1/4 


10 = 1.78 times greater than that for ao =1 m* targe ms 


So, the range at which an aircraft will be detected with 
2 


C= LOM mm - ee = 0.95 will be 


R = 1.78 xR = 1.78 x 47.96 = 85.36 km 
max 


Pate =a. 
The distance between radar and target along the line of 


Sight is: 





where: 


h,/h, = heights of radar antenna and target, 
respectively; 

h = 50 £t-: 

ds =oo,s kin = 5269 mules. 


ee@perrom Eq. (1), 


Y2 x50 + ¥2h, > ee OG hs =e. 7. Lt 


is the minimum altitude at which the radar can see the target. 


Part e: 


The single pulse power at the antenna output terminal is 


Py G. i G,. 
a ~ 5 (3) 
(47) Ro (47) L 
where: 
(1) Py = peak output power Pi = 200 kw 
(2) on 5 antenna gain (calculated in part a) 
= 32.9 db = 1964 (numeric) 
(3) Cs receiver antenna gain = 0 db = 1 (numeric) 
8 
(4) A = wavelength = c/f, = = = 0.0526 m 
DiGOWn <0 
(>) ae = range at which an aircraft will be detected with 
RES = 10 sit (GaleWleated In part c) = 85.3 km 

(6) Be = system losses = 3 db = 2 (numeric) 


Ne 


Using Eq. (3), 


5 2 


(an yoeets one anes 


Part f: 


The camouflage factor c 1s 





i eles 
C. = ere) (4) 
dL Z k 
(1 +p) 
e re 
where k = 1640 or 400, TT. = Pulse width (long) = 1.3 us 
From Eq. (4), we get 
_ 4 oe 0) ey sce 
Ci = I 5 Naa = 2.66 db 
1 + ( =a E) 
de Sas LG xe 
= 4 6510.1 /3 
one I x * (999° — 4. 
1 + ( =< S? 
es, x x 10 
Patt 7c: 
The jammer output power P. is equal to: 
2 
P Ss On ie 
a ne (5) 
4m R, re C. 
where: 
(1) Py = peak output power = 2 Cio watts; 
oa) Re = Burnthrough range inm = 18.5 wee m 
eh eo) = target radar cross section = 10 ae 
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Pt 


(4) Coie is the antenna gain = 1964 (numeric) 
>} L. = system losses = 2 (numeric) 
toon eee -eeed7 cee — 15 db =~ e386 (numeric) 
7 ) bea bandwidth for long pulse = Oe HZ 
(8) B.. = Freq. the jammer transmits = 30 Sie iz 
i) C, = gain of the jamming antenna 
EO) = propagation factor (Assume = 1) 
moom Eq. (5), we get 
(2 x 10° w) (1964) (10 _m*) (2) (31.6) ) 
P. = Sei wz 
J 4n(18.5 x10° m)“(1 MHz) (1) 
er Ps = .197 w/MHz for B.. = 30 MHz 


B. PROBLEM #2: ARRAY BROADSIDE POWER GAIN 

The AN/SPS-85 is a multifunction phased array radar used 
for search and track of missiles and satellites. The operating 
frequency fe = 442 MHz and the transmit antenna is dq, xd = 
26.9 x26.9 m rectangular array of N = 5184 elements. Assume 
that the illumination efficience of this array Pp, = O40 > ane 
that the feed and phase shifter losses amount to Pp = i Ounce 
for each element. 

(a) Calculate the array broadside power gain 


(b) Estimate the (pencil) beamwidth 


(c) Calculate the spacing between elements assuming that they 
are uniformly spaced 


id 


(d) Calculate the directive gain of an eClemnene 


(Hint: Assume uniform illumination when making this calculi 
tion and use the pakbtern multiplieaetonstncerency 


Solution : 
Part a: 


The array broadside power gain Gy 1s equal to 


where » = wavelength = = =) =e Ce 0.678 m 
O 442 x 10 


A. = antenna effective area = Ps PPA 

where: 

oe illumination efficiency of the array = (aaa, 

Pp = phase shifter losses = i = 0.66; 

A = area of the antenna = 26.9 x 26.9 =" 720m. a 
50, 

A, = (0.65) (0.66) (723.6) = 310.4 m* 
Using Eq. (6) with the above values we get 

4 4 
a, = Sen te") = 8476.75 (numeric) = 39.28 db 
(0.678) 
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Pact b: 


The beadmwidth is given by 





8 = aso”) * = pal250 __ Ea ie ipa 
G /Pp 7 Sa 7/6475 7 ; 
0.66 


Evemiet C3 
The spacing between elements, assuming that they are uni- 


formly spaced is 


qd = = -=ss-— = 0.374 m= 0.55 4 





Part d: 


The directive gain of the-array is equal to: 





N = *& 
Sgarray Sgelem Sagroup wy 
where: 
G = 5184; 
dgroup 
G = 12795 
darray 
SO 
G = “darray -~ 12795 _ 45 47 = 3 9 db 
dee G 5184 ; : 
dgroup 


oF PROBLEM #3: JAMMER'S REPEATER GAIN, JAMMER'S OUTPUT POWER 
A conical scan radar missile seeker has the following 


maramecters: 


US, 


output power (peak) Pt awe te de 


Boresight antenna gain Ca Selle: 

Antenna polarization linear 

Frequency fy =e. 7, GHZ 

RF losses a = 3 db 

Receiver noise bandwidth Bais SOO mM z 

Receiver noise figure FO = 11 db 

Pulse width T = 50 ns 

PREF = = 100 kHz 

integration time a 50 msec 
The clear weather attenuation at this frequency A, = 0.4 db/km 
and the sky temperature for cloudy conditions T = 270 degrees K. 


A repeater jammer is to be designed to protect a target with 


RCS = 14.8 dbsm. 

(a) Calculate the maximum unambiguous range for this seeker 

(b) The jammer uses circular polarized antennas with 10 
degree pencil beam. Calculate the repeater gain 
required to realize a J/s of 10 db 

(c) Calculate the jammer output power required at a range 
R= 1 km 

(d) Assume that the seeker antenna has RF losses RFL = 1 db, 
an illumination efficiency r; = 60%, a crossover wie. 
Lag = 1 db and a pencilbeam pattern which is appro mile 
mately Gaussian in shape. Calculate the diamter of 
the seeker dish antenna 

(e) Calculate the squint angle 

SOU Ue @m 

eas Ge Baars be 


Tne maximum unambiguous range is equal to 


80 


5 
R = ES abe kw see eS cm 


10 SEZ 


Maree b: 


For the calculation of the gain of the repeater we have 


Pe G. a O 
ae a (8) 
47R 
and 
P_ G “AR za 6 Gg 
Got e 2 S o watts (9) 
4TR IE: 


Bulgstituting Eq. (8) into Eq. (9), we get 








st . “e “e® 
_ If See) 
or 
sealed 
Ge a eae (10) 
e a 
for 10° beam > G = 3° = 412.5 = 26.2 db 
18 
2 -3 z 
A = AE GC = (3.2 x10 7 Mm 415.5 = pee 8 Cun 4 m2 
e AT 4T 
(10) (2) 7 (30 2 2) 
¢. = ae = = 8716 or 39.4 db 
G36 oO Wty 4 ey) 
ivctiet C: 
The jammer output power at a range R = 1 km is given 
as: 


ole 


a Ss Bs 
P = — G ens) 
2 
OuG ATR L, S 
where: 
Py = output power (peak) = lw; 
Ce = boresight antenna gain = 38 db = 6310; 
aa = Sea ary = propagation attenuation; 
ey effective antenna apertue; 
G., = Repeat gain anetnna; 
Ls = RF losses = 3 db = 2 (numeric) 
So, from Eq. (10) we get: 
(1 w) (6310) (107° *779) (3. Jlememolns ms Conse 


onus (in Lo; eens 


0.6/7 mw 


Pare Ga: 


The effective aperture of the antennat 


2 2 
S > pith - TD salle 
A, 7 PePG® = ag, © 5 Pee, oe ee eee 
where: 
wes 197779 = 9.794; 
a = 6 
G = G, + 1 (db) = 38 + 1 = 39 db = 7943 (aumepere 


SOE 


eZ 


D = = /7943/(.794)(.6) = 131 mm = 13.1 cm 
Part e: 
2 -2.776 2 
Ce (8/85) 
—leGio “cmecsover loss => = = .7943 
© 
THs fee = one 
ee 4 q/ “B = a 
O 
0, / oR = .288 
_ meme = Vasant 
Oo = ¥41253/G, = a Weds) 27 Ie) = e203 
So, the squint angle Te = (.288) (2.03) = .58 degrees 
1". PROBLEM #4: PULSE-COMPRESSION RADAR, NOISE JAMMING POWER 


A shipboard pulse compression radar with a phased array 


antenna has the following parameters: 


Array size A = 
Frequency Ey = 
Feed and phase shifter losses L- 

p 
Sidelobe level See, 
Illumination efficiency Pp, = 
E@larization line 
Suteuc POwer Py = 
ey TW = 
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Soot i S.. 65 mM 


3.3 GHz 


2.5 db/element 


30 db below mainbeam 
O25 
ar 


4raw 


1000 


Weighting filter loss L = 3 db 
Integration (of compressed pulser, eotereme 


Minimum Out pute so Neier 


automatic detection (S/N = 13 db 


A raid of cruise missiles each having RCS = 3 dBsm have been 
launched at the ship. Two special purpose noise jamming ECN 
aircraft have been positioned at a range R = 100 km to provide 
screening. Each aircraft carrier C.. = 18 carcinotrons and is 
configured with circular polarized high gain, steerable jamming 
antennas, such that the ERP = 10 kw/tube. The bandwidth of 

the noise has been matched to the radar receiver bandwidth. 
Assume that the propagation factor g = l. 


(a) Calculate the effective area and power gain of the 
phased array 


(b) Calculate the noise jamming power at the output of the 
phased array(receiver input). Assume that the jammers 
are in the radar antenna sidelobes 


(c) Calculate the single pulse echo signal power at the 
output of the phased array assuming a cruise missile 
1s illuminated at a range R) = 80 kw 

(d) Calculate the single pulse J/S at the receiver input 
and at the receiver output 


(e) Calculate the number of pulses that must be integrated 
to achieve burnthrough against a cruise missile at a 
range R. = 80 km. Assume the integration efficiency 
is l 

Sele ten : 


The effective area of the phased array 


Ay = Py PpA = (0.5) (107729) (3.65 m)* = 3.75 m 
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where: 


The power gain 


Part b: 


eres luUMIndtE lon efficiency; 
the phase shifter loss; 


area of the array. 


ATA, _ (4m) (3.75 m*) = 5696 
\2 3 ve ti(i) © é 


ar 
3.23 Jxa0 


Noise jammer power is equal to: 


where: 


SO 


Bo Ce A, 
= (12) 
AmR? L 
m 
. 4 
the jammer power = 10 watts; 
jammer gain = 2x18 = 36; 
Z 
effective area of the array = 3.75 m 


the range = 100 km = oer 


tenes losses = 3 dbe=—92 (numeric) 


rier 10° "eon 75 ero en 


(4a Oe aia) a ozs 


4 
) 


Pe slime ee Pedbe of -52.69 dpm 
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Part -¢: 


The single pulse echo signal power is 


Pies O-- 
> = WE. Cisse 
(47R)) 
where: 
PB. = output power = 4 x ilfo)° watt; 
G, = power gain of the array 5696; 
o = RCS = 3 dbsm = 0.5 m‘; 
R,; = vrange of the cruise missile = 80 kw 
SOme 
6 Z 2 
ae (4 x10 Ww) (5696) (0 255i ont 
(47) “(80 x10~> m) 
=" 6.6) aime watt or -lll.8 dbw or -81.8 "em 
Part «a: 


The single pulse 7) at the input of the receiver is 


(J/S) = {=52.69 dbm) — (363.8 dbm)e=a20 eels 
where: 

J = jammer noise power = -52.69 dbm from part (b); 

S = echo signal power = -81.8 dbm from part (c). 


The single pulse S/J at the receiver output is 


(S/J) = (S/J) 5. mua lle) er Ls = -29.2 db+ 30 db- 3db)= 25am 


86 


So), 


(S/S) out tee 2 mello 


Part e: 


For perfect coherent integration we get 


I, (n) = n = (S/N) 


s (-S/T) | = 13 + 2.2 


te 


15.2 db + n = 33 pulses 


eee ROBLEM #5: STAND OFF SPOT NOISE JAMMER 


Pemertar location radar has the following operating 


Smaracteristics: 
frequency f, = 16.1 GHz 
peak power Py = 80 kw 
antenna mainbeam gain © Gs = 46 db 
antenna sidelobe gain Go = 16 db 
le ledeh a. = 8600 MHz 
pulse width T = 0.25 usec 
receiver noise figure a Zab 
receiver noise bandwidth Ba peMHz 
antenna noise temperature gue = 290 degrees K 
antenna sector coverage S. = 25 degrees 
antenna scan rate S. = 167 scan/sec 
antenna polarization linear 
plumbing losses Le aC el® 


This radar is to be jammed by a standoff spot noise jammer. 


The jammer has the following characteristics: 


87 


Type FM/noise 


Power output P = 100 w (cw) 

PF noise bandwidth Bf = 20 MHz 

Antenna gain Os = 23 db 

Antenna polarization Cine lan 

(a) Calculate the noise jamming power which can be ejected 
into this radar receiver through the radar antenna 
sidelobes from a range R = 20 km, in clear weather. 
Assume a line-of-sight path and neglect atmospheric 
absorption 


(b) With the jammer positioned at R = 20 km as described 
above, the J/S = 24 db, when a certain mortar round passes 
through the radar beam at a sange Ry = 94 kn lt ee 
required camouflage factor is c = 0 db, at what range 
will these rounds burn through? 


Solution: 


The noise jamming power is given by the equation 


| genus © BL A 
ee be aa) (14) 
4nR L 
¥ p 
where: 
— Ce a 
P. = jammer output power = 50 Ma 7 5 w/MHz 
= = jammer antenna gain = 23 db = 200 (numeric) 
BL = receiver noise bandwidth = 5 MHz 
A. = effective antenna area = GM /4n 
where Go = antenna sidelobe gains = 16 db or 40 
4 = wavelength = c/f = 3 eile 1 x 10" 
= 0.0186 w 
SO, 


8 8 


Zi 
See Olee w By 8) eZ 
A = mens ce 0) = Ih See 8 m 
L,, = plumbing losses = 3 db or 2 (numeric) 
R = range = 20 km = 20 woom 


Mams £rom (14) 


5 = {S_w/MHz) (200) (5 MHz) (1.1 x1077_m*) 


(4) (20 a0 m) 7 (2) 
T WEWNOLSAS 5 10 pales 
J = -92.6 dbm 
J = -62.6 dbm 


Bact 1}: 
, 4 
J is constant for a standoff jammer while S varies as 1/R. 


Therefore 


(J/S) = const R 
(J/S) R. 4 (oS) ee) 4 
eS (2) > OR Se 
(T/S) 5 Ry 2 IL (J/S) 5 ’ 
1 Lyd 
(T/S) 5 = noise jammer (1) = 1 
(J/S) 5 = noise jammer (2) = 24 db or 251 (numeric) 


ay, 


F. PROBLEM #6: 


CHAFF, AVERAGE CROSGSSECTION Ver PLP eGruE. 


Suppose that a chaff package is to be designed to produce 


a cloud cross-section with an average value of §S 
Individual dipoles are Al F101 with cross sectional 


of 0.5 x5 miles. For frequencies of 1, 2, 5 and 10 


a table which shows the following information: 


The average cross-section of one dipole 


The number of dipoles required to achieve an 


cloud cross-section of 10 dbsm 


10 dbsme 
dimensions 


Ghz, make 


average 


The weight of material per square meter of RCS 


Assume the dipoles are uncoupled. 


Solution: 


3 “ale 
i = cm/sec 
Oo = 4.5 He 

ae 
N = “J 

Oo 

Vv = (= x107° 2 
Vv = (1.6) <10> em we 
m = Party 
Par = 2.7 Gn em 
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in) (5 x10 ~ in) (2.54 oii/ see 


f [GHz] 


10 





A fowl el NO 7 =e wigrms] a (sein) a 
30 135 741 On35 0.97 0.096 0.0002 
ILS 33875 SNe, 2h nO egal Jes, 0.19 0.0004 
6 5.4 Meo les 4.8 0.48 0.0001 
3 Res is. 74.07 K 3.6 Deel, 0.96 ora ele 


G. PROBLEM #7: SIGNAL-TO-CLUTTER RATIO, POWER SPECTRA 
DENSITY OF JAMMER 


An MTI radar with a single delay line canceler has the 


following operating characteristics: 


Peak power Py = 1 MW 

Pulse width = laws 

PREF f. = 800 Hz 

Pp 

Antenna gain G. = 26 db 

Pbequency EG = 1 GHz 

Receiver noise bandwidth B, = 1-5 MHz 

Antenna scan rate bes = 10 RPM 

Aziumth beamwidth Dp = 3.9 degrees 

Receiver noise figure Ea OO a> 

Antenna noise temperature i 100 degrees K 

Plumbing losses L.. = 2 db 

Display PPI (video int.) 

False alarm probability es LE-12 

(a): For the non-MTI mode, calculate the maximum range at 
which this radar can detect a non-fluctuating 0 dbsm 
target with a detection probability Pa OS 

(ob) Suppose that this radar is operated in the MTI mode 
against a target aircraft with RCS = 10 dbsm immersed 


oa 


[Lb/m*] 


in a chaff cloud with a cross section of S00Msc meee. -e 
The target is 30 km from the radar and closing with 
radial velocity r = 300 knots. Assume that the power 
Spectral density of the chaff return 1S as given in 
Skolnik, Figure 4.29. Calculate the target signal-to- 
clutter ratio at the output of the delay line canceler. 


Solution: 


Part az 


The maximum radar range may be written as 


where: 


P-°6G. A. G lea 
ae i 


> te 74 
“max ~ rs kT +t) Boks) ae | 
iA ae n “se 
6 
Py = peak power = 10 WwW; 
G, = antenna gain = 26 db = 398 (numeric); 
A. = effective area 
176 G y) 
Se eels (£4 a. (2 x 10 , 24398) _ 2.35 rae 
An ie At 9 AT : 
u 10 
2 
O = radar cross section = lm 
KT, = (Ee) fe = (7.94-1) 290 = 202255 
- -23 6 
KATATE B. =e OO) (LO0+2013. 53). 5 ane 
ces Nou a 


Signal-to-noise ratio (from Figure 2.7 


(S/N) 4 
(Skolnuik ecole Zcn 


13.8 Cb = 3eieen Pee = E-12 ean P 4 = (Oar 


92 


°B 
p Wn 


S| 
7 


pulses integrated = f 


(800 sac =) (3.92) (1260276 sec) = 52 pulses 


T, (92) wo ome meatoure 246 a/b (Skolnik, Pg. 31)) 


Maus , 
_ (10° w) (398) (2.85 m°) (1 m*) (23.5) ,7/4 
Rnax a ——— c... TTT 
(aan (4385 7 x 10 w) (38) (1.58) 
as 89.46 km 
Bact b: 


Since the target and chaff cloud are only 30 km from the 
radar the returns will be well above the thermal noise level 


mme@meene receiver will be clutter dominated. 





2 
avg FEC 4g) | in 2 
a Ao ale ee JH(£ 5) | CA(S/C) ;_- 
Ouc sal 
diel O S| 
_ Mero 500 Knots) ; 
£4 (Hz) a tS) sal (Simo ba: 3226) 
fa == 080° HZ 
2 2 a2 
{fo}, = |2 sin (mf qT.) | Mean: (1 (Os 07 300) | 
= 2.47 
5 ate 
=D 75 (G_ — Ss) 


24° of 2a fe 
l-e P 
eaepeeoe 23 and 4.24 fremeSkolnik, Pg. 132-133) 


meom Figure 4.29 (Skolnik) for chaff a = 10 and 
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Fh 
NO 


16 2 
a = so) Ss Omccmme™ a 
: = 2 (ano. 
(S/C) 5 = O1n/o nafe = 10/500 = 1/50 = -17 db 
Oar 
(S/C) .. = (1/502 47a 4) os el 


H. PROBLEM #8: 


WEIGHTING fi TERS 


An airborne periscope detecting radar has the following 


characteristics: 
DPeeoulency, 
Peak power 
PRE 
Pulse width 
Weighting filter 
Antenna gain 
Polarization 
Azimuth beamwidth 
Antenna scan rate 
Plumbing losses 


SS noise figure 


Eo = 9,510 GHz (linear Chie 
Py = 500 Kw 
f = 1500 Hz 
p 
YT = 500 nanoseconds 
Hamming 
G “= s5-ap 
a 
Vertical 
op = 2.4 degrees 
w. = 300 RPM 
m 
L = 5 db 
p 
R = 7.5 db 
x 


An ASW aircraft with this radar encounters a submarine wired 


periscope exposed under the following conditions: 


Aircraft altitude 
Range to submarine 


Periscope RCS 


H = 2000 ft 

a 

Re = 16 kyards 
RES =e na 


(a) Assume that the sea clutter spikes resolved by this 
high resolution radar have an average duration 
noe omonGerlawetne Sea state 2-3 Statistics 
shown in [Ref. 1, Figure 13.5] apply. How many db 
above tne median clutter level must a threshold be 
set to achieve a 100 seconds false alarm time when 
the receiver is clutter dominated? 


(b) Calculate the single pulse signal-clutter power ratio 
at the radar receiver input 


(c) At the output of the weighting filter calculate the 
3 db width of the compressed pulse and the peak 
Signal-mean clutter power ratio 


(d) Assume that a 5 second scan-scan post detection integra- 
tion period is employed to separate targets (which 
remain) from clutter spikes (which go away). Calculate 


the integration improvement 


Selutcion: 
Part a: 


meretne Clucttcer waveform 


iB 
a 2s SoC _ 
Pra # “S00 rsce > 0.02 
fa 
Bemng Figure 13.5 (Skolinik) for Peo = 0.02, OO eG ae “elle 


threshold must be set 12.5 db above the median clutter power 


level. 


2 elie a eke 
moomene. 63.6 (Skolnik, Pg. 472), the signal power S returned 


from a target with cross section o is 


Pp G go A 

C = te a e 
i 

CA ae 1 


where: 


oe, 


3 


a 500 x10 “w = 87 Gaon 

G. = 35 db = 3162 (numer) 

e) = 1 ay = 0 db ; 

Pe (A/a) G. = eA DIG i= eee me = -6.4 dbm 
4m = 11 db 

R = 16 ey = 9.09 mi = 14.64 km = 41.65 dbm 

a = 5 db 

S = [87 dbm + 35 = 6.470] = [11 x2 + 41657423 


-78 dbm 


The echo from SuUriace clutter 1s 


EB. Ge sy ecreee 
ce = = 2 6 0 8 screisect)) (Bq. 13.5 Fromeeennas 
(av) Pe (L/2) Po.geae 2) 
Pate: 
x x 
20° 
a 2000 ) = grazing angle 
a5 = 2.4° = .042 rad = -13.8 dbrad 
8 -6 
CT/2-> = (25x10 m/s sees ce sec) 
sec Ww = l/cos pj =1 (WwW = 2.4?) 
From Fagure 13.3 (Skelnik, Po. 47390 Oe -32 db 


Thus 


me ovale woo Oe 4e— 32 °— 13.8°7718.6 + 0] 


=e —- 41565 x 3 4+ :°2.5)] = -61.1 dbm 
So, 


(7 = (78 dom) = (-61.1 dbm) = -16.9 db 


meet Cc: 
For the Hamming filter [Ref. 1], the peak sidelobe 
Str = -42.8 db, the loss = 1.34 and the relative mainlobd 
width = 1.5. So the width of the compressed pulse at the 


output of the weighting filter is 


(500 ile sec) (1.5) 


Ab = — x1.5 = a Ff. 
(500 x 10 See uuu, > x10, HZ) 


3 alone sec 


II 


The improvement in S/C is 


10 logjg (4 ea Lesdedi’—e2 5.7 2p 








sO 
(S/C) 4 = (-16.9 db) + (25.7 db) = 8 db 
eee Ct 
watts, scan = = = al = 
# hits = (2 248) y(=2%) v(5 sec) = 50 hits 


Oe 


From Figure 2.80 


with integration 


I. PROBLEM #9: 


(Skolman, 


(S/C) 


MUD VE DETERS. 


Pg. 31). (5 =F 25 ls ele Sale 


a 


= 14 db ealdb = 22° db. 


Crab PP ee Oe 


An MTI radar has the following characteristics: 


PrEcoveney 

Peak power 

Antenna gain 
Azimuth beamwidth 
Elevation coverage 
Antenna scan rate 
Beda 


Pulse width 


Receiver noise figure 


Assume that this radar has a 2 pulse canceler. 


fs oe GHZ 

O 

Pi = 2 mw 

GC. JS aL 

a 

on = 1.3 degrees 


0.2-45 degrees 


w. = 5 RPM 
n 

ff. =V360) saz 
Pp 

T = 6 usec 
F = 8 db 
n 


An alr@rare 


with RCS = 10 dbsm at a range of 100 km is to be protected 


With a chart corridor. 


Assume that the chaff return has 


Gaussian power spectral density with RMS velocity spread 


eeOIn 2S = 


Calculate the number of half wave chaff dipoles per 


resolution cell required to produce a minimum clutter-target 


Signal ratio of 10 db at the output of Ehe MID stiiitew 


SO Phaeton: 


The best improvement the delay line canceler will provide is 


oC) ae = ee _ 


(S/C) . e Ss. 





Oe 1 


out 





= CA|H(f) 


paye 
p 

ey) 4 

OT oF 

(360 He) > (ae ee 


ea a) ee 


2 
| 
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1 =—weeja = 22-4 db 
max 


With the target at 100 km, the receiver will be clutter 


dominated. We require 
— — — — en 
(S/C) 5, = Ike) ele 22.4 db 1750 
ong 
6) O 
1E ic 
eee i, (S/C) 5. 
No NEGO). Se) 
N = a Zc «10° dipoles 


COGS Pear) yA 


(in resolution cell) 


ieee ROBLEM #10: MINIMUM DETECTABLE SIGNAL 


An HF compressive receive is to be designed to sweep the 
2-32 MHz band 25 times per second and to provide a frequency 


meeelution of 2 Khz. 


(a) Calculate the bandwidth and time delay required of the 
compressive filter for this receiver 


(b) Calculate the MDS of this receiver, assuming a receiver 
noise figure of 3 db and an antenna noise temperature 


Oe, 290°K 

Selution: 
mart as: 

ioe oem 2 _ 30 MHz 7 

Tl 25sec eee 05 SEC P20 Wile see 

= = = ae = .95 x107> sec (time delay) 

Zee SZ 
Wl — = 
W = (“a one — otra e.> <1l05 ) = 375 KHz (bandwidth) 


Ee, 


(F-1) 290) = (1. 99-1) 25 08 — oo ee 


i a 
FThy Hues = W SO 


= k(T, +T,)B a 


2 


ol ie = -170.9 + 3 + 30 dbm = -l3em@een 


yt 
e 2T 
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WES COOIN TEI OS) ITO 


The programs were written for solving problems of radar 
and Electronic Warfare. They are in easy-to-understand Basic 
language. They were written in the interactive method. Asa 
result these programs are “user friendly." They were very 
time consuming to write in this mode. The interactive method 
is very amenable to work with and should be helpful to the 
Naval officer, in the field of radar and electronic warfare. 
Using the same problems but with parameters of other systems, 
one can understand the performance of different types of radar 
and jammers. 

Many subroutines and interation loops are used so that 
even one who has little experience in programming can read and 
easily comprehend the programs and can expand or modify them 
according to his needs. 

The author hopes that these programs will be an assistance 
to students, and Naval officers involved in radar and electronic 
warfare. 

The programming language is Microsoft Basic so that anyone 
can work on these programs on any IBM or IBM-compatible com- 
puter as well as Apple microcomputers without requiring any 
modifications in these programs. 

These programs may be used on boardship to aid in the 
technical aspects of a tactical operation. They may be used 


by the Naval officer in program management in radar and 


Oe 


electronic warfare systems or in evaluation and deSign at a 
Naval laboratory. On board ship as a combat information 
center officer or Electronic Warfare officer these problems 
addressed arise inumerable times. AS an example, your ship 
is in the Indian Ocean and there is a threat of an antuleume 
cruise missile whose radar parameters you are aware of (1.e., 
Harpoon, Automat, or Exocet) and it 1s your responsibility to 
provide shipboard defense. If per chance you have worked with 
these problems and you are familiar with characteristics of 
your defense systems, the more viable ECM action can be made. 
For instance, you are aware of your ships radar cross section 
as a function of aspect angle relative to the missile threat. 
You are aware of the radar cross section of your chaff loads 
and you are aware of the power outputs and characteristics 
of your decoys. Using the enclosed programs and the variations 
of the parameters associated with them should allow you to 
obtain a better understanding of what actions you should take 
for ships defense. It is only through the working of many 
problems of these types in many different tactical scenarios 
that a proper technical expertise in radar and EW can be 
obtained. 

Lastly, the author believes that this group of problems 
were selected to include a variety of timely and useful 
Situations that one may encounter in the radar and electronic 


warfare field. 


OZ 





APPENDIX A 


Peliseing Of the radar Computer programs 1S provided and 
an output of the results for each one of these programs is 


also included. 


ING 


20 
30 


30 

60 

70 

BO 

90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
250 
290 
300 
310 
320 
330 
340 


350 


PRINT : PRINT TAB(30); * PROBLEM #1” 
PRINT TAB(30); *---------- 

LPRINT : LPRINT TAB(30); “ PROBLEM #1" 
LPRINT TAB(30); * ---------- 


PRINT : PRINT “ENTER THE BANDWIDTH OF THE AMPLIFIER WITHOUT UNITS : 


INPUT B 

PRINT: PRINT “WHAT ARE THE UNITS OF THE BANDWIDTH?" 

PRINT “1. HZ° 

PRINT “2. KHZ” 

PRINT “3. MHZ" 

PRINT “4. GHZ" 

INPUT A$ ‘Input selection 

IF A$ ="1° THEN B=B 

IF A$ = “2° THEN B=B* 1000 

IF A$ = “3° THEN B=B* 1000000! 

IF A$ = "4" THEN B=B* 1000000000 

PRINT : PRINT “ ENTER THEFALSE ALARM TIME WITHOUT UNITS: T=?" 
INPUT T 

PRINT :PRINT “ WHAT ARE THE UNITS OF THE FALSE ALARMTIME?™ 
PRINT “1. seconds” 

PRINT “2. minutes” 

PRINT “3. hours” 

INPUT B$ ‘input selection 

IF B$="1° THEN T=T 

IF B$="2° THEN T=T *60 

IF B$="3" THENT=T*3600 

REM: calculation of the threshold -to-rms ratio 

LET X=SQR(2"LOG(B*T)) ‘ numeric value 

LET M=.4342945% 

LET X1=10*M*LOG(X) ‘db value 

IF A$="1° THENLPRINT : LPRINT ° THE BANDWIDTH B=";B;"H2" 

IF A$="2" THEN B-B/ 1000: LPRINT :LPRINT “ THE BANDWIDTH B=";B;"KH2™ 


IF A$="3° THEN B=B/ 10000001: LPRINT :LPRINT “ THE BANDWIDTH B=" ;B;MH2" 
IF A3="4° THENB=B/ 1000000000 :LPRINT :LPRINT “THE BAND'W!DTH B=",B; GHz" 


IF B$="1"° THEN LPRINT :LPRINT “THE FALSE ALARM TIME T=",T;"3ec" 
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360 IF B$="2° THEN T=T/60 :LPRINT :LPRINT “THE FALSE ALARM TIME T=":T;"min® 

370 IF B$="3° THEN T=T/3600: LPRINT:LPRINT “THEFALSE ALARM TIME T=";T;"Hrs” 

380 PRINT: PRINT “ THE THRESHOLD-TO-RMS NOISE VOLTAGE 
¥/SQR(YO)=";X;"(numeric)*;"or?;X 1;"(db)” 

390 LPRINT :LPRINT “THE THRESHOLD-TO-RMS NOISE YOLTAGE 
¥/SQR(YO)=":X;"(numeric)’;“or?;X1;"¢db)° 

400 PRINT :PRINT “DO YOY WANT TO USE THIS PROGRAM FOR DIFFERENT OR THE SAME DATA 
Y/N?" 

410 INPUT C$ 

420 IF LEFTS$(C$,1)="Y" OR LEFTS$(C$,1)="y" THEN 40 

430 END 
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PROBLEM 1 


THE BANDWIDTH B= 4MH2 
THE FALSE ALARM TIME T=5 min 
THE THRESHOLD-TO-RMS NOISE VOLTAGE V/SQR(YO)= 6.466 156 (numeric) or 8. 106462 (db) 


THE BANDWIDTH B= 4MH2 
THE FALSE ALARM TIME T= 50 min 
THE THRESHOLD-TO-RMS NOISE VOLTAGE V/SQR(10)= 6.612954 (numeric) or 8.333355 (db) 


THE BANDWIDTH B= 4MHZ 


THE FALSE ALARM TIME T= 500 min 
THE THRESHOLD-TO-RMS NOISE VOLTAGE V/SQR(YO)= 7.142935 (numeric) or 8.538767 (db) 
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10 PRINT : PRINT TAB(30); “ PROBLEM #2 ° 

20 PRINT TAB(30); * ---------- ; 

30 LPRINT : LPRINT TAB(30); “ PROBLEM *2° 

40 LPRINT TAB(30); * ---------- . 

SQ PRINT : PRINT “ ENTER THE NUMBER OF THE m NOISE PULSES * 

60 INPUTA ‘* OF m NOISE PULSES 

70 «PRINT: PRINT ~ 1.m="A 

BO LPRINT: LPRINT~ 1.m="A 

SO PRINT : PRINT “ ENTER THENUMBER OF THE n SIGNAL-PLUS-NOISE PULSES” 
100 INPUTB ‘* OF nSIGNAL-PLUS-NOISE PULSES 

110 PRINT: PRINT * 2. n="B 

120 LPRINT : LPRINT “2. n="B 

130 PRINT: PRINT “FROM Fig. 2.6(D) (SKOLNIK Pg 31) YOUCAN FIND THE INTEGRATION LOSS 
FOR Li(m+n) AND Li(n), SINCE YOU KNOW Pd,m,n, WHICH ARE GIVEN INTHE PROBLEM” 
140 LET C=A+B 

150 PRINT : PRINT “ ENTER THE VALUE OF THE Li(°C")” 

160 INPUTD ‘THIS 1S THE VALUE OF Li(m+tn) IN db” 

170 PRINT: PRINT “3. THE INTEGRATIONLOSS FORLI(-C")""="D;"db" 

180 LPRINT :LPRINT ° 3. THE INTEGRATION LOSSFOR Li(°C")*"="D;"db" 

190 PRINT : PRINT” ENTER THE VALUE OF THE Li(“B")” 

200 INPUTE ‘THIS IS THE VALUE OF LI(n) tN db" 

210 PRINT :PRINT * 4. THE INTEGRATION LOSS FOR Li("B")""="E" db" 

220 LPRINT :LPRINT “4. THE INTEGRATION LOSS FOR LI(°B")""="E"db" 


230 tte SE Hb SEH SG He SE ab SO ib 4 i 4 tt St tt dt tb it dt 4 Ht 4 4 4 4 4 Ht 4d 


240 REM: CALCULATION OF THE COLLAPSING LOSS 

25 1 "SR ESE AE SE TEE SEE SEE SE tt SE tt SE He Se tt Se ek SE te 4 a tt 4 5 4 at tat 

260 LET F=D-E-Fi=F/10:F1=10°F 1 ‘CONVERTION FROM “db“ TO “NUMERIC” 

270 PRINT: PRINT “5. THE COLLAPSING LOSS Li(“A",°B")°"="F 1;"NUMERIC™;” OR*;F;"db° 

280 LPRINT :LPRINT “5. THE COLLAPSING LOSS L(A", B7)°°="F 1S°NUMERIC’;” ORF ;"db° 
290 PRINT : PRINT “DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
300 INPUT G$ ‘INPUT SELECTION 

310 IF LEFT$(G$,1)="Y" OR LEFT$(G$,1)="y” THEN LPRINT: LPRINT :LPRINT TABC(15);° 


SP 50 SP SO SO 50 50 40 50 40 SO 40 SE 40 SO 40 SO 40 5 4h SP 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 48 eee°-OOT O50 


320 END 


LOy 


PROBLEM*2 


|.m= 10 

“2 10 

3. THE INTEGRATION LOSS FOR Lt( 20 )= 1.9 db 

4. THE INTEGRATION LOSS FOR Li( 10)= 1.3 db 

5. THE COLLAPSING LOSS Li(10, 10 )= 1.1481S4 NUMERIC OR 6 db 


be i i Ri ie Be te Be i ie Se Be a De Ba i ee oe Se ee oe ee ede ee ee le le ee ee ee eS 


i.m= 30 

fie mee 

3. THE INTEGRATIONLOSS FOR Li( 100 )= 4.1 ap 

4. THE INTEGRATION LOSS FOR Li( 10 = 1.3 db 

5. THE COLLAPSING LOSS Li€ 90,10 )= 1.905461 NUMERIC OR 2.8 db 
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20 

30 

40 

30 

60 

70 

80 

90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
260 
290 
300 
310 
320 
Bou 
340 
Sa18) 


REM : *eeee MAIN PROGRAM **** 

PRINT : PRINT TAB(30); ° *** PROBLEM #3 ***" 
LPRINT :LPRINT TAB(30);~ *** PROBLEM #3 ***° 
GOSUB90 :GOQSUB 430 

GOSUB 780 : GOSUB 840 

GOSUB 930 :GOSUB 1180 

GOTO 1360 


REM bb ae be eb ab a 


REM SUBPROGRANM THAT INPUTS THE DATA 
REM 50 5 50 58 48 58 40 56 40 56 40 56 48 58 28 58 40 58 48 58 0 38 40 58 58 58 48 58 40 58 48 58 8 SE 40 56 28 58 48 58 28 50 8 
PRINT : PRINT “ ENTER THE MAGNETRONS PEAK POWER Pt INMEGAWATTS™ 
INPUT Pt 
PRINT : PRINT “ENTER THE PULSE WIOTH Tw INMICROSEC™ 
INPUT Tw 
PRINT : PRINT “ ENTER THE PULSE REPETITION FREQUENCY fp IN H2" 
INPUT fp 
PRINT: PRINT “ ENTER THE OPERATION WAVELENGTH IN CENTEMETERS” 
INPUT 1 
PRINT : PRINT “ENTER THE EFFECTIVE ANTENNA APERTURE Ae INSQUARE METERS” 
INPUT Ae 
PRINT : PRINT “ ENTER THE *OF HITS INTEGRATED n° 
INPUT ni 
PRINT :PRINT “ENTER THE NOISE BANDWIDTH IN MEGAHERTZ” 
INPUT Bn 
PRINT: PRINT “ ENTER THE RECEIVER NOISE FIGURE Ff IN db” 
INPUT Ff 
PRINT : PRINT “ ENTER THE PLUMBING LOSSES Lot IN db” 
INPUT Lot 
PRINT : PRINT “ ENTER THE BEAM SHAPE LDs IN db” 
INPUT Lbs 
PRINT : PRINT “ENTER THE FACTOR BY WHICH THE INTEGRATION EFFICIENCY 1S REDUCED” 
INPUT 4 
PRINT : PRINT “ ENTER THE FALSE ALARM PROBABILITY Pf” 
INPUT Pf 
PRINT : PRINT “ ENTER THE PROBABILITY OF DETECTION Pd” 


LO9 


360 
370 
380 
390 
400 
410 
420 
450 


450 
460 
470 
480 
490 
500 
310 
320 
530 
540 
550 
360 
970 
380 
390 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 


INPUT Pd 

PRINT : PRINT “ ENTER THE TARGET AVERAGE CROSS SECTION Sev IN SQUARE METERS” 
INPUT Sav 

PRINT : PRINT “ENTER THE CASE THAT YOU ARE: CASE 1 CASEZ2...7° 

INPUT A$ 

RETURN 


REM 50 5b 4b 5b 4b 4b Sb 3b 4b SE dt SE at SE at 5b 4 SO 4b SE 4b 3B ab 5B 4b 5b 40 58 4b 38 4 SE at oe 


REM SUBROGRAM THAT PRINTS THE INPUT DATA 
REM 48 30 4b 30 48 5 48 50 4b 36 4b 3b 4b SE 48 56 48 5b 48 5b 48 50 48 5b 58 50 48 5 58 SO 48 50 48 50 8 

LPRINT: LPRINT “G1 YEN" :LPRINT “--------- " 

PRINT : PRINT “1. Pt=";Pt;-MW" SPC(17); °: MAGNETRON'S PEAK POWER” 

LPRINT : LPRINT “1. Pt=";Pt;"MW" SPC(1 7); ~: MAGNETRON'S PEAK POWER” 

PRINT: PRINT “2) Tw=":Tw;"MICSEC” SPC(13); *: PULSE WIDTH” 

LPRINT : LPRINT “21 Tw=";Tw;"MICSEC* SPC(13); “: PULSE WIDTH ~ 

PRINT: PRINT “3. fp=";?p;"H2" SPCC 1S); ~: PULSE REPETITION FREQUENCY * 

LPRINT : LPRINT “3. fp=";fp;°H2” SPC(15); °: PULSE REPETITION FREQUENCY “ 

PRINT: PRINT “4. 1=";1;"centimeters” SPC(8); *: OPERATION WAVELENGTH ~ 

LPRINT :LPRINT “4. 1=";1;"centimeters” SPC(8); ~: OPERATION WAVELENGTH © 

PRINT : PRINT “S. Aa=";Ae;“ square meters” SPC(4); °: EFFECTIVE ANTENNA APERTURE * 
LPRINT : LPRINT “5. Ae=";Ae;"square meters” SPC(4); “: EFFECTIVE ANTENNA APERTURE ~ 
PRINT : PRINT “6. n=":n SPC(19); “: *OF HITS INTEGRATED ~ 

LPRINT : LPRINT “6. n=";n SPC(19);~: *OF HITS INTEGRATED 

PRINT :PRINT “7. Bn=";Bn;"MH2" SPC( 16); *: NOISE BANDWIDTH” 

LPRINT : LPRINT “7. Bn=";Bn;"MH2" SPC(16); ~: NOISE BANDWIDTH" 

PRINT: PRINT “&. Ff=";F/;“db° SPCC 16); ” : RECEIVER NOISE FIGURE” 

LPRINT : LPRINT “8. Ff=";Ff;"db" SPC(16); ~: RECEIVER NOISE FIGURE” 

PRINT: PRINT “9.Lp1=";Lp1;°"db° SPC( 16); *: PLUMBING LOSSES” 

LPRINT : LPRINT “9. Lp1=";Lp1;“db° SPC(16); *: PLUMBING LOSSES” 

PRINT : PRINT “10. Lbs=";Lbs;"db” SPC(15); “ : BEAM SHAPE” 

LPRINT :LPRINT “10. Lbs=";Lbs;"db" SPC(15); ~: BEAM SHAPE" 

PRINT : PRINT “11. a=";a SPC(17); “: FACTOR BY WHICH INTEGRATION EFF. 1S REDUCED” 
LPRINT : LPRINT “11. a=";0 SPC(17);°: FACTOR BY WHICH INTEGRATION EFF. 1S REDUCED” 
PRINT: PRINT “12. Pf=";Pf SPC(14}; “: FALSE ALARM PROBABILITY” 

LPRINT : LPRINT “12. Pf=";Pf SPCC 1d); °: FALSE ALARM PROBABILITY" 

PRINT: PRINT “13. Pd=";Pd SPC(16); “: PROBABILITY OF DETECTION” 
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710 
720 
730 
740 
750 
760 
770 
780 
790 
600 
810 
820 
530 
640 
B50 
560 
570 
B60 
590 
900 
910 
920 
930 
940 
950 
960 
979 
960 
990 
1000 
1010 
1020 
1050 
1040 


LPRINT : LPRINT “13. Pd=";Pd SPC(16) °: PROBABILITY OF DETECTION” 

PRINT :PRINT “14. Sav=";Sav;"sq.meters SPC(8);” : TARGET AVERAGE CROSS SECTION” 
LPRINT :LPRINT “14. Sav=";Sav;"sq.maters” SPC(8) “: TARGET AVERAGE CROSS SECTION" 
PRINT : PRINT “15. YOU'RE CASE IS° SPC(10);A$ 

LPRINT : LPRINT “15. YOU'RE CASE 1S” SPC(10);A$ 

RETURN 


REM: SE SE SE SE SE Ht OE at 56 te 5G tt Et SE SE SE SE et St ht SE ht OO et 58 a8 Ot at SO et 46 48 56 tt Oe 8 OE 8 OE 48 Ot 


REM: SUBR. THAT CALCULATES THE MAX. UNAB. RANGE 


REM : 5 50 SE Sb 50 48 56 SE 50 58 5b SE 5 48 5 HE SO SE SO 4 SO 4 SO He 50 He SO He SE He Ob 46 Ob 46 56 He 5b 48 56 et 50 48 


LET C=3* 108 ‘m/s 
LET Runeb=C/(2"fp) 
RETURN 


REM « 5048 50 48 56 Sb 5b 48 56 48 56 SE 5b 58 50 SE 5b 48 SO 48 5b SE 5b 48 5b 48 58 4 5b 4b 50 48 Ob 4 56 48 56 48 5b 40 58 4 


REM: SUBR. THAT PRINTS THE QUTPUT FOR PART 4 


REM: SE SE 5G HE SE HE 5G SE OE SE 5G tt 5 SE SO at SO at 5 ht S656 48 58 at 56 ae 6 et 36 at Ee OO ae 58 et Ot oe 8 8 


PRINT : PRINT “PART a: 
LPRINT : LPRINT “PART 4:" 


PRINT: PRINT * I (a). Runab=";Runab/ 1000-°KM”", ©: THE MAX. UNAB. RANGE” 
LPRINT : LPRINT * 1(a). Runab=";Runab/ 1000;°KM", “ : THE MAX. UNAB. RANGE” 
RETURN 


REM = 50 SE 5G SE SE SE SE a8 SE at SE tt 58 ae 58 at SE 48 OE et SE tt 8 et 46 ae 5G et 5 ae OE tt Oe 48 Ot et Ot 8 OO 8 Ot 8 


REM: SUBR. THAT CALCULATES THE MAX. RANGE 


REM o SR AE SE SE SSE SE Ae SE Ae SE 48 SE HE SE He 50 Ae A et 5D He 50 He 50 SE A SE 5 4 50 4 Oe 5B He 5B He 50 48 OO 48 


LET Bn=Bn* 10°6 ‘CONVERTION FROM MHZ TO HZ 

Peer t=rt~ 106 ‘CONVERTION FROM Mw TO w 

Be ea wo (= 25); ‘BOLTZMAN’S CONSTANT IN j/deg. 

LET T0=290 “STANDARD TEMPERATURE IN KELVIN 

LET Pi=3.14159 

LETFf=Ff/10:FfiziOFf ‘“CONVERTION FROM db TO NUMERIC 

LET Le=Lp1+Lbs ‘SYSTEM LOSSES IN db 

LET Ls1=Ls/10:L$2=10°Ls! ‘CONVERTION FROM db TONUMERIC 

LET 1=1/100 ‘CONVERTION FROM cmTOm 

PRINT : PRINT “ FROM Fig. 2.7 (SKOLNIK Pg. 28) YOU CAN FIND THE (S/N) 1 SINCE YOU KNO' 


Pd AND Pf” 


Hess 


1050 PRINT: PRINT ~ ENTER THE VALUE OF THE (S/N)1 IN db” 

1060 INPUT Al 

1070 PRINT: PRINT “SINCE YOU ARE IN CASE2 FROM Fig. 2.23 (SKOLNIK Pg. 48) YOU CAN FIND 
THEADDITIONAL (S/N) tad” 

1080 PRINT: PRINT ~ ENTER THE VALUE OF THE (S/N) lad 

1090 INPUT AZ 

1100 LET A=A1+A2: A3=A/10: A4=10°A3 9 THIS 1S THE VALUE OF THE (S/N) I tot IN db AND 
INNUMERIC 

1110 PRINT :PRINT “ SINCE YUO KNOW THE “OF HITS INTEGRATED (NONCOHERENT) FROM Fig. 
2.24 (SKOLNIK Pg. 49) YOU CAN FIND THE INTEGRATION IMR. FACTOR II” 

1120 PRINT: PRINT “ ENTER THE VALUE OF THE INTEGRATION IMR. FACTOR" 

1130 INPUT It 

1140 LETH I=H/10: 12-1011 

1 ISOLETRmax=SOR(SOR((Pt*(Ae°2)*Sav*ll2*.85)/(4*PI*K*TO*Ff 1 *Bn*(1 2)*A4*L52))) 
1160 RETURN 


1 170 REM SEE REESE EE EL EL ELT EL EERE EEL TEC ELLE LTE SE 


1180 REM: SUBR. THAT PRINTS THE OUTPUT FOR PART b 

| 190 REM : 2690 28 At 2 a8 At ae 0 40 Ae 8 te 8 At ae Oe oe St ae Se ae Oe ae de oe Be ae SE 48 O48 3b 48 Bb 8 

1200 PRINT: PRINT:PRINT ” PART b:” 

1210 LPRINT:LPRINT :LPRINT ~ PART b:” 

1220 LPRINT ° ------- . 

1230 PRINT: PRINT ” 2(a). Ls=";L8;"db", “: TOTAL SYSTEM LOSSES” 

1240 LPRINT:LPRINT ° 2(a).Ls=";Ls:"db", “: TOTAL SYSTEMLOSSES” 

1250 PRINT: PRINT “2(b). (S/N)1=";A1;"db", *: SIGNAL-TO-NOISE RATIO” 

1260 LPRINT :LPRINT* 2(b). (S/N) 1=":Al-"db", *: SIGNAL-TO-NOISE RATIO” 

1270 PRINT: PRINT ~ 2(c).(S/N)lad=";42;"db", ~: ADDITIONAL SIGNAL-TO-NOISE RATIO" 
1280 LPRINT:LPRINT ° 2(c).(S/N) 1ad=";A2;"db", “: ADDITIONAL SIGNAL-TO-NOISE RATIO“ 
1290 PRINT: PRINT ” 2(d), (S/N)tot=";A;"db", ”: TOTAL SIGNAL-TO-NOISE RATIO” 

1300 LPRINT: PRINT *2(d). (S/N)tot=":A;"db", *: TOTAL SIGNAL-TO-NOISE RATIO® 

1310 PRINT: PRINT ° 2(e). li(n)=";11;"db", °: INTEGRATION IMR. FACTOR" 

1320 LPRINT :-LPRINT ” 2(@). 11(n)=";11;"db", °: INTEGRATION IMR. FACTOR™ 

1330 PRINT :PRINT * 2(f). Rmax=";Rmax/ 1000-"KM", *: MAXIMUM RANGE” 

1340 LPRINT:LPRINT * 2(f). Rmax=":Rmax/ 1000;"KM",” : MAXIMUM RANGE” 

1350 RETURN 

1360 PRINT: PRINT“ 00 YOU WANT TO TRY FOR DIFFERENT OR THE SAME DATA Y/N?" 


ee 


1370 INPUT C$ 
1380 IF LEFT$(C$,1)="Y°ORLEFTS(C$, 1)="y° THEN 40 
1390 END 


dee 


GIVEN 

1. Pt= 1 MW 

2 Wa ae oEG 

3. fp= 250 HZ 

4.1= 1O centimeters 
5. Ae= 200 square meters 
5. 0=.10 

7. Bn= | MH2 

5. Ff= 10 db 

SLpl= 5 dp 

10. Lbs= 2 db 

11. a=.85 

12. Pf= 1£-08 

13. Pd= .99 

14. Sav= 1 sq.meters 
15. YOURE CASE IS 


PART 8: 





*** PROBLEM “3 *** 


>: MAGNETRON'S PEAK POWER 
: PULSE WIDTH 


> PULSE REPETITION FREQUENCY 


> OPERATION WAVELENGTH 
> EFFECTIVE ANTENNA APERTURE 


:*OF HITS INTEGRATED 

> NOISE BANDWIDTH 

> RECEIVER NOISE FIGURE 
> PLUMBING LOSSES 


> BEAM SHAPE 


> FACTOR BY WHICH INTEGRATION EFF. 1S REDUCED 
> FALSE ALARM PROBABILITY 

: PROBABILITY OF DETECTION 

> TARGET AVERAGE CROSS SECTION 


: CASE2 


1(a). Runab= 600 KM : THE MAX. UNAB. RANGE 


PART D: 





2(a). Ls= 5 db 

2(b). (S/N) i= 15.9 db 
2(c). (S/N) lad= 17.2 db 
2(d). (S/N)tot= 33.1 db 
2(2). fitn)= 25 db 

2(f}. Rmax= 758.5743 KM 


: TOTAL SYSTEM LOSSES 


: SIGNAL-TO-NOISE RATIO 


- ADDITIONAL SIGNAL-TO-NOISE RATIO 
: TOTAL SIGNAL-TO-NOISE RATIO 
- INTEGRATION IMR. FACTOR 


MAAIMUM RANGE 


114 


10 PRINT : PRINT TAB(30); * PROBLEM #4" 
20 LPRINT: LPRINT TAB(30); " PROBLEM #4” 
BOMELERINT TAB(S0); 7 ---2==---- ; 


40 * th th 4h th th Ad tb Ab 4b At 4b 4b 4b 4d 46 4d 2b 4 Ot 4d Ot 4 2b dd 2 4 2 i 2 


50 «=6REM: MAIN PROGRAM 

60 SEeEeSCEEE SEL eL EP ete Pe Le Tee Ey 

7O = GOSUB 160 :GOSUB 310 

60 GOSUB 440 :G05UB8 570 

90 PRINT: PRINT “DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N ?° 
100 INPUT A$ 

110 IF LEFTS$(A$, 1)="¥" OR LEFTS$(A$, 1)="y" THEN 70 

120 END 


} 30 * $b 50 4b 5B 58 4B 4b 50 58 40 38 50 48 50 48 40 ae 40 4 40 4b 40 +e 40 4 40 


140 REM: SUBROUTINES 

| S Op 22 3 At Be ae He 5 50 BO 38 58 oe 28 ae BO at Be At 38 at at Ht ae ot 0 ot 

160 ‘***** SUBROUTINE THAT INPUTS THE GIVENDATA ***** 

170 PRINT: PRINT “ ENTER THE OPERATION FREQUENCY f IN GH2° 

180 INPUT f 

190 PRINT: PRINT “ENTER THE RATE THAT THE FREQUENCY CHANGES {0 INGH2/SEC” 

200 INPUT f0 

210 PRINT: PRINT “ ENTER THE DURATION OF THE CHANGING FREQ. T IN ms” 

220 INPUT T 

230 PRINT : PRINT “ENTER THE TIME THE FREQ. TAKES TO RETURN TO ITS GRIGINAL VALUE Tr IN 
ms” 

240 INPUT Tr 

250 PRINT : PRINT “ ENTER THE THE RANGE OF THE TARGET R IN Yards” 

260 INPUTR 

270 PRINT: PRINT “ENTER THE RELATIVE VELOCITY Ur IN ft/sec” 

280 INPUT Ur 

290 RETURN 


SOC Be ee ee ae He Ae ae ee Ae SE tt He Ht At at at aE At aE HP SP He SE tae SE SE it A te HP aE At ae A At Ot 


310 REM: SUBROUTINE THAT PRINTS THE INPUT DATA 


SDC RR RHR RR 4 4b 4b 48 +e 4b 4b 38 eb 4 38 ee ee ee 8 ee ee Ee 


330 LPRINT:LPRINT’ GIVEN” 
340 LPRINT *--------- 


Ji lleva, 


330 
360 
370 
330 
390 
400 
410 
420 


LPRINT :LPRINT “1. 1=";1;°GH2°TAB(19); ©: OPERATING FREQUENCY” 

LPRINT: LPRINT “2. [0=";10;°GHZ2/SEC“TAB(19);* :RATE THAT THE FREQUENCY CHANGE™ 
LPRINT: LPRINT “3. T=";T;"ms"TAB(19);” : DURATION OF THE CANGE” 

LPRINT :-LPRINT “4. Tr=";Tr;“ms°T 4B(19);": TIME THE FREQ. NEEDS TO RETURN” 

LPRINT TAB(17);" TOITS ORIGINAL VALUE” 

LPRINT: LPRINT “S.R=";R;"Yards"TABC19);" : RANGE OF THE TARGET" 

LPRINT :LPRINT “6. Ur=";Ur;“{t/sec TAB(19);": RELATIVE VELOCITY" 

RETURN 


AS = Sb Ph hE th EEE a A 2 40 4 20 58 50 40 50 9 Oe 5 OO 5 aE AE ae 4 3 4k 4d Ot 2 2 2 


440 


REM : SUBROUTINE WHICH CALCULATE AND PRINTS PART 4 


AS (yt 2 3 tt Fe ae 8 st SE tt ae ot Et ae oe EE ae St EP ae He Et Se DH EE SE He AR SE AE SE AE OE A Ae SE aE AE Oe He Ht HO SE 


460 
470 
480 
490 
500 
510 
520 
530 
$40 
550 


LET 10=f0*10°9 ‘CONVERTION FROM GH2/SEC TO H2/SEC 
LET R=R*.914 ‘CONVERTION FROM Yards TO Meters 
PoP eo" 100 ‘m/sec 

LET fr = 10*2*R/C ‘FREQUENCY SHIFT 


PRINT: PRINT: PRINT “PART a: 

LPRINT :LPRINT:LPRINT “PART a: 

RIN ===" 

PRINT : PRINT * 1€a). fr=";fr/1000;"KH2°;" : FREQUENCY SHIFT” 
LPRINT :LPRINT * 1(a). fr=";fr/1000;"KH2"; ~ : FREQUENCY SHIFT" 
RETURN 


SG (it He 3 ee Be te ee St ee OE SEE EE Se ae Ae Se Se Se Ht OE SE oe At oe AE HEH HE HE OE HE SE AE HE AE ae At OP OP He Bt He 


570 


REM : SUBROUTINE THAT CALCULATE AND PRINTS PART b 


SB (pt et Ae ae at te et Ae ae Ae ate ae Ae Ae te oe te ae ae ae et Be ae Bb ae At ae A ae ek Ph eh et Bd et AE Ae A ae 4 4 A 


390 
600 
610 
620 
630 
640 
650 
660 


LET fafea's ‘CONVERTION FROM GHz TO H2 

LET Ur=Ur*.305 ‘CONVERT ION FROM ft/sec TO m/s 
LET t=C/1 "WAVELENGTH IN meters 

LET fd=2*Ur/} ‘DOPPLER SHIFT 

LET dR=R“fd /fr "RANGE ERROR IN METERS 

LET dRIl=dR/ 100 '$ RANGE ERROR 

PRINT : PRINT : PRINT “ PART b:° 


LPRINT  LPRINT : LPRINT “PART b:" 

LE RNs ==>>>5= i 

PRINT : PRINT “1(b). fd=";fd;"HZ";"  : DOPPLER SHIFT” 
LPRINT : LPRINT *1(a). fd=",d;"H2"; “ DOPPLER SHIFT" 


IPIEG 


700 PRINT : PRINT “1(b). GR=";dR;°m";" OR";dR/.914;"Yards” ;~ > RANGE ERROR™ 
710 LPRINT :LPRINT “1(b). dR=";dR;"m";” OR";dR/.914;"Yards” ;° : RANGE ERROR™ 

720 PRINT: PRINT “1(c). dRI=";dRI;"m";” OR';dRI/.914;VYards" 3° =: 2 RANGE ERROR™ 
730 LPRINT:LPRINT “1(c). dR1=";dR1;°m";” OR°;dRI/.914;"Yards” 3° : SRANGE ERROR™ 
740 RETURN 


Mlb y 


PROBLEM #4 


GIVEN 

1.f= 10.5 GHZ :OPERATING FREQUENCY 

2.10= 2GH2/SEC : RATE THAT THE FREQUENCY CHANGE 

3.T= 990 ms > DURATION OF THE CANGE 

4.Tr= 10 ms > TIME THE FREQ. NEEDS TO RETURN 
TO ITS ORIGINAL VALUE 

5.R= 5000 Yards : RANGE OF THE TARGET 

6.Ur=25 ft/sec :RELATIVE VELOCITY 


PART a: 
1(a). fr= 60.93333 KHZ : FREQUENCY SHIFT 


PART Db: 

Ma fd= 555.75 He : DOPPLER SHIFT 
1(d). DR= 40.03125 m OR 43.79787 Yards :RANGE ERROR 
l(c). dRi= .4003125m OR .4379787 Yards :3RANGE ERROR 





Lis 


10 PRINT: PRINT : PRINT TAB(30); ° PROBLEM #5" 
20 LPRINT:LPRINT: LPRINT TAB(30);“ PROBLEM #5" 
30 PRINT TAB(30); “ ---------- ° 

See RINT TAB(30); “---------- : 

390 GOSUB90 :G0SUB210 

60 GOSUB 310 :GOSUB 410 

7Q «=6GOTOS510 


EFL) RR Re RA RR Te eh ae th th SE SR AE tb RHE ab Sb Ab He sb thE a a tb SHE aE 


90 REM: SUBROUTINE THAT INPUTS THE DATA 

1 COLT ee eR ee He Hee Ae He He Ee tHe He Se EE HE HE AE HE SESE EH He ES HH 
110 PRINT: PRINT “ ENTER THE OPERATING FREQ. f IN GHZ" 

120 INPUT f 

130 PRINT: PRINT “ ENTER THE PULSE WIDTH t IN ms” 

140 INPUT t 

150 PRINT: PRINT “ ENTER THE PULSE REPETITIONFREQ. fp IN H2" 
160 INPUT fp 

170 PRINT: PRINT “ENTER THE AIRCRAFT'S VELOCITY Uair IN Knots” 
160 INPUT Uair 

190 RETURN 


DOLE BH Be Re A Ae A EE Ae AE SE AE aE AE at ae et AE et a et ae EA At AE AE SE OE SE OE HE OE OE Oe 


210 REM: SUBROUTINE THAT PRINTS THE INPUT DATA 

DD (Jt He A A Be SE AE EH EE EE SEE ES HEE SEE EE HE SE HE EE OE HE HE AE OE SE ER Ae He EE 

230 LPRINT :LPRINT :LPRINT "GIVEN" 

240 LPRINT *--------- : 

250 LPRINT :LPRINT ~ 1. f=";1;°GH2"TAB(18);"; OPERATING FREQ.” 

260 LPRINT :LPRINT *2. t=":t;"ms"TAB(18); “: PULSE WIDTH" 

270 LPRINT :LPRINT “3. fp=":fp:"H2°TAB( 18); “: PULSE REPETITION FREQ.” 
280 LPRINT :LPRINT * 4.Uair=";Uair;"Knots” :": AIRCRAFT'S VELOCITY” 
290 RETURN 


SO (le Se A A He He Ee AE HE AE EAE HE AE HE AE HE AE EE EE EE SE EE AE HE AE HE OE He He OE A Ht 


310 REM:SUBROUTINE THAT CALCULATE AND PRINTS Uair 
LPIPEEErir Err eLeri rire rire rr rere errors 
330 LET f-f*10°9 

340 LET C=3*10°6 

350 LET I=C/f 


ides, 


360 LET UIb=1*fp/2 

370 PRINT :PRINT : PRINT “U1b=";U1b;"m/s";” OR";U1D/.515;"Knots";” : FIRST BLIND SPEED" 
380 LPRINT :LPRINT :LPRINT “UIb=";U1b;"m/s";” OR*;Utb/.515;"Knots";* : FIRST BLIND 
SPEED” 

390 RETURN 


AC Lot 2 26 4 26 5 2 te ee Ee ae ee Ae AE He AE St AE ae EH HEHE HE SE AE He EH HE SE HE HEE HE SE SE Oe Oe ER Be at Ee Ee 


410 REM: SUBROUTINE THAT FINDS IF THERE IS A DOPPLER AMBIGUITY 

ADEE HH A A HAE AE ae Ae ae Ae ae HE at AE ae HE ae EH EH SE He AE SE AE St AR St A AE SE HE EE EE A He OE He EH HE AE 

430 IF UairmUib/.515 THEN GOTO 440 ELSE 460 

440 PRINT: PRINT “ THEREIS ADOPPLER AMBIGUITY SINCE “;Uair;“Knots”; “>°;U1b/.515;"Knots” 

450 LPRINT :LPRINT “ THERE IS ADOPPLER AMBIGUITY SINCE “;Uair;"Knots’; “ 
>" -U1b/515;>Knots” 

460 IF UaircU1b/.515 THEN GOTO 480 ELSE 470 

470 IF Uair=Uib/515 THEN GOTO 480 ELSE S00 

480 PRINT: PRINT” THERE ISN'T ADOPPLER AMBIGUITY SINCE “;Uair;“Knots’; ~ < or 
="-U1b/.515-"Knots" 

490 LPRINT:LPRINT “ THERE ISNT A DOPPLER AMBIGUITY SINCE “;Uair;“Knots”; “<or 
=";U1b/.515;"Knots” 

500 RETURN 

310 PRINT: PRINT“ DOYOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N ?° 

520 INPUT B$ 

5350 IF LEFT$(B$, })="Y" OR LEFT$(B$,1)="y" THEN 30 

540 END 


PROBLEM*S 





GIVEN 
1.f= 9 GHZ : OPERATING FREQ. 
2. t= 1ms : PULSE WIDTH 


3.fp= 1000 HZ :PULSE REPETITION FREQ. 
4, Uair= 600 Knots : AIRCRAFT'S VELOCITY 


Ulb= 6.66667 m/s 0R32.36246 Knots : FIRST BLIND SPEED 
ee** THERE IS A DOPPLER AMBIGUITY SINCE 600 Knots > 532.56246 Knots*** ** 


je vzak 


10 
20 
30 
40 
50 
60 
70 
80 
90 
100 


PRINT : PRINT TAB(30); “ PROBLEM “6° 


LPRINT : LPRINT TAB(30); “PROBLEM *6° 

LPRINT TAB(30); “----------- ° 

GOSUB 120 : GOSUB 430 

GOSUB 520 ; GOSUB 620 

PRINT : PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT E$ 

IF LEFT $(E$,1)="Y" OR LEFT$(E$,1)="y° THEN 50 

END 


1 | (1% 2 3 Ee BE ae Me aE ee ES RR OUT INES 2 2 4 te Se ee ee ee ee 


120 


= INPUTS THE DATA 


1 St RRR St St Sb 5 40 58 40 48 40 SE 40 E40 SE 40 40 40 5E 40 SE 40 SE 40 SE 4b 40 4 5A SO 5b 40 48 40 56 50 40 40 St Oe 


140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
Zou 
260 
270 
280 
290 
300 
319 
320 
220 
340 
350 


PRINT : PRINT “ENTER THE P.R-F fp IN H27 

INPUT {p: PRINT :PRINT “1. (p=";fp;"H2” 

PRINT : PRINT “ ENTER THE CLUTTER SPECTRAL WIDTH Sc INH2° 

INPUT Sc: PRINT :PRINT “2. Sc=";Se>°H2" 

PRINT : PRINT “ENTER THE NUMBER OF THE DELAY LINE CANCELER™ 
PRINT “ WITHOPTIMAL WEIGHT ING N™ 

INPUT n: PRINT : PRINT ° 3. N=";N 

PRINT : PRINT” 1S THE INPUT DATA CORRECT Y/N?" 

INPUT A$ 

IF LEFT$CA$,1)="¥" ORLEFT$(A$,1)="y" THEN 410 

PRINT : PRINT “WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 
PRINT : PRINT * 1. THE P.R.F?” 

PRINT : PRINT "2. THE SPECTRAL CLUTTER WIDTH?” 

PRINT : PRINT * 3. THE NUMBER OF THE DELAY LINE CANCELER?” 

INPUT B$ 

IF B$="1° THEN PRINT : PRINT “ENTER THE P.R-F fp IN HZ” 

IF B$="1" THEN INPUT fp : PRINT : PRINT * 2. fp=";fp;"H2” : GOTO 350 
IF B$="2" THEN PRINT : PRINT ~ ENTER THE CLUTTER SPECTRAL WIDTH" 
IF B$="2" THEN INPUT Sc : PRINT : PRINT * 2. Sc=";Sc;"F2” : GOTO 350 
IF B$="3" THEN PRINT : PRINT “ENTER THE NUMBER OF THE DELAY LINE CANCELER™ 
IF B$="3" THEN INPUT N: PRINT : PRINT “3.N=":N :GOTO 250 

PRINT : PRINT “1S EVERYTHING 0.K NOW Y/N?" 


ZZ 


360 INPUT C$ 

370 IF LEFTS$(C$,1)="¥" ORLEFTS(C$,1)="y" THEN GOTO 410 

360 PRINT: PRINT “WHAT DO YOU WANT TO CHANGE” 

390 PRINT:PRINT “HIT ANY KEY IN YOUR KEYBOARD AND THE COMPUTER WILL WORK FOR YOU" 
400 INPUT D$ : GOTO 250 


416 RETURN 
42 (0 72 538 HE AE AE ee HE ae at ae ae a a aE ak ae J HP a a ae ae a a 
436 * PRINTS THE INPUT DATA = 


DALI Ae 0 ee ee ae Ae ee He a He Ae ee He aE EAE He ae ae SE AE Se te Ht aE EE He HO He SO a 


456 LPRINT:LPRINT “GIVEN 

omer, = —-------- . 

476 LPRINT:LPRINT * 1. fp=";fp;H2° .~: P.R.F° 

480 LPRINT: LPRINT © 2. Sc=";5c;"H2" 7°: CLUTTER SPECTRAL WIDTH" 

490 LPRINT :LPRINT ~ 3. N=";N ,°: OF DELAY LINE CANCELER WITH OPTIMAL WEIGHTING 
506 RETURN 


S| Lf Re eae Ae Ae ae ae te ae te ee ae ae He See de Se Se ae a a a OE SS SH 


520‘ CALCULATIONS * 

ss Jo) 8 RaliaRateReKaRaleleRe Reta RalieheRe Rete ReleteKe Rete ReteReteketeteReRe keteteteRele 

540 PRINT : PRINT ~ FROM Fig. 4.25 (SKOLNIK Pg. 124) YOUCAN FIND THE IMROVEMENT FACTOR” 
S50 PRINT “SINCE YOU KNOW" , 

560 PRINT : PRINT ~ 6. N=":N,” : “OF DELAY LINE CANCELER™ 

570 PRINT “b. Sc/fp=":Sc/{p,”: CLUTTER SPECTRAL WIDTH/RADARP.R.F” 

S80 PRINT: PRINT “ ENTER THE INTEGRATION IMR. FACTOR” 

590 INPUT | 

600 RETURN 


Ep | Lf te tae Ae Fe ee ee ae se A SO st Se ee se SE a SE At Se a SE AE SE A HE Se SE a Hee SE He at SE BE He 


620 ° PRINTS THE OUTPUT te 

Sa prrirrrrrrore rrr ere ye rrr rrr 

640 PRINT: PRINT : PRINT “ OUTPUT” 

656 LPRINT :LPRINT : LPRINT “ QUTPUT™ 

SoUeLPRIN| “------ : 

670 PRINT :PRINT” 1.Sc/fp=";Sce/fp ,”: CLUTTER SPECTRAL WIDTH/RADAR P.R.F* 
680 LPRINT:LPRINT “1. Sc/fp=";Sc/Tp ,” : CLUTTER SPECTRAL WIDTH/RADARP R.F” 
090 PRINT: PRINT ~ 2. [=";1;"db°,”: INTEGRATION IMR. FACTOR™ 

700 LPRINT: LPRINT “ 2. f=";1;"db> ,° - INTEGRATION IMR. FACTOR” 


Zs 


710 RETURN “— 


serene s 


124 





eevee 

|. fp= 1000 HZ 
Zasc- (OH? 
3.N=3 


QUTPUT 
1. Sc/fp= .01 
a= odd 





PROBLEM*6 


aka 


: CLUTTER SPECTRAL WIDTH 
: “OF DELAY LINE CANCELER WITH OPTIMAL WEIGHTING 


: CLUTTER SPECTRAL WIDTH/RADAR P.R.F 
: INTEGRATION IMR. FACTOR 


Zz 


PRINT : PRINT TAB(30); “ PROBLEM “7° 

PRINT TAB (30); * ----------- 
REM 38 4b Sh 4b Sh 4b 48 4b 4B 4 4G VARIABLES 30 Sd 38 Sb 38 Ub 48 4 8 5 ee 

LET C=3*10°8 ‘m/s 

LET P1=3.141593 

LET M=.4342945* 

LET K=1.38*10°-23 'BOLTZMAN CONSTANT IN j/Deq 

LET TO=290 ‘STANDARD TEMPERATURE IN KELVIN 

GOSUB 160 : GOSUB 2080: GOSUB 810 : GOSUB 2260: GO0SUB 930 :GOSUB 2330 
GOSUB 1160 :GOSUB 2480 : GOSUB 1760: GOSUB 2640 : GOSUB 1960: GOSUB 2730 
PRINT : PRINT “DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT A$ 

IF LEFT$(A$,1)="¥" OR LEFT$(A$,1)="y" THEN 20 

END 


* SR Ab Sb HO St 38 ab 48 tb 48 4b SB 4b 58 4b 48 4p 48 4 4B 4p 48 8 38 He OB 8 3 


a INPUTS THE DATA 


* BE 48 Sb 4B Sb 48 40 48 40 48 40 40 40 40 4b 48 40 50 40 56 4b 4b 4b 46 48 46 48 56 48 


PRINT : PRINT “ ENTER THE PEAK POWER Pp IN Kw" 

INPUT Pp: PRINT : PRINT ~ 1. Pp=";Pp;"Kw" 

PRINT : PRINT “ ENTER THE P.R.F Fp IN HZ" 

INPUT Fp: PRINT : PRINT “ 2. Fp=";Fp;"HZ" 

PRINT : PRINT “ ENTER THE PULSE WIDTH T IN micsec” 
INPUT T: PRINT: PRINT “3. T=";T;“micsec™ 

PRINT : PRINT “ ENTER THE FALSE ALARM TIME Tfa IN Hrs” 
INPUT Tfa: PRINT: PRINT ° 4. Tla=";Tfa;“Hrs” 

PRINT : PRINT ~ ENTER THE RECEIVER NOISE FIGURE F IN db" 
INPUT F: PRINT: PRINT “5. F=";F;“db° 

PRINT : PRINT “ ENTER THE TRANSMITTER FREQ. FO IN MHZ ° 
INPUT FQ: PRINT : PRINT ~ 6. FO=";FO;°MH2° 

PRINT : PRINT “ ENTER THE IF FREQ. Fif IN MH2" 

INPUT FIf: PRINT : PRINT “7. Fif="3Fit;“MH2° 

PRINT : PRINT “ ENTER THE IF BANDWIDTH Bit IN MH2° 
INPUT Bif: PRINT : PRINT * &. Btf=":BlYMH2° 

PRINT : PRINT “ ENTER THE ANTENNA POWER GAIN G IN db" 
INPUT G: PRINT - PRINT “ 9. G=";G-"db" 


360 
370 
380 
390 
400 
410 
420 
430 


450 
460 
470 
460 
490 
300 
310 
520 
5350 
540 
300 
360 
370 
380 
390 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 


PRINT : PRINT ~ ENTER THE MINIMUM DETECTABLE SIGNAL .D.S IN dbm*° 
INPUT M.D.S : PRINT : PRINT ~ 10.4.0.S=";6.0.9;"dbm° 
PRINT :PRINT “1S THE INPUT DATA CORRECCT ¥/N?" 


INPUT B$ 


IF LEFT$(B$,1)="Y"° OR LEFT$(B$,1)="y" THEN 7906 
PRINT: PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 


PRINT : 
PRINT : 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT : 
PRINT : 
PRINT 


PRINT ~ 1. THE PEAK POWER?” 

PRINT ° 2. THE P.R.F?" 

> PRINT “3. THE PULSE WIDTH?" 

>PRINT © 4. THE FALSE ALARM TIME?” 
:PRINT © 5S. THE RECEIVER NOISE FIFURE?” 
>PRINT “6. THE TRANSMITTER FREQ.?° 
PRINT “7. THE IF FREQ.?° 

PRINT © 6. THE IF BANDWIDTH?” 

: PRINT “9. ANTENNA POWER GAIN?” 


PRINT : PRINT © 10. THE MINIMUM DET. SIGNAL?” 


INPUT C$ 
IF C$="1" 
IF C$="1" 


os= 2 


ices 2° 
IF C$="3" 
ec y= 5 
IF C$="4° 
Ieeyos 
iPeeo= 3) 
[Pts= 3° 
IF C$="6" 
IF C$="6" 
IF C$="7" 
IF C$="7" 
ig a= 
IF C$="8" 
irese 9" 
IF C$="9" 


THEN PRINT : PRINT “ ENTER THE PEAK POWER Pp INKW" 

THEN INPUT Pp: PRINT: PRINT” 1.Pp=";Pp;"“Kw" : GOTO 730 
THEN PRINT : PRINT © ENTER THE P.R-F Fp IN H2° 

THEN INPUT Fp : PRINT : PRINT ~ 2. Fp=";Fp;"H2" : GOTO 730 
THEN PRINT : PRINT ~ ENTER THE PULSE WIDTH T IN micsec” 
THEN INPUT T : PRINT: PRINT “ 3. T=";T;"micsec™ : GOTO 730 
THEN PRINT : PRINT “ ENTER THE FALSE ALARM TIME Tfa IN Hrs” 
THEN INPUT Tra: PRINT: PRINT © 4. Tla=";Tfa;"Hrs” : GOTO 730 


“THEN PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db” 


THEN INPUT F: PRINT : PRINT © 5. F=";F;"db° : GOTO 730 

THEN PRINT : PRINT “ ENTER THE TRANSMITTER FREQ. FO IN MHZ ~ 
THEN INPUT FO: PRINT : PRINT © 6. FO=";FQ;"MH2” : GOTO 730 
THEN PRINT : PRINT “ ENTER THE IF FREQ. Fif IN MH2° 

THEN INPUT Fif: PRINT : PRINT © 7. Fif=";Fif;"MHZ° : GOTO 730 
THEN PRINT : PRINT “ ENTER THE IF BANDWIDTH Bif IN MHZ” 
THEN INPUT BIf : PRINT: PRINT ° & Bit=";Bif;"MHZ” : GOTO 730 
THEN PRINT : PRINT “ ENTER THE ANTENNA POWER GAIN G IN db" 
THEN INPUT G: PRINT : PRINT “9. G=";G;"db" : GOTO 730 


ILA 


710 IF C$="10" THEN PRINT : PRINT ” ENTER THE MINIMUM DETECTABLE SIGNAL 1.D.S IN dbm” 
720 IF C$="10" THEN INPUT M.D.S: PRINT : PRINT ~ 10.M.0.S=":".0.9;"dbm": GOTO 730 

730 PRINT: PRINT “1S EVERYTHING 0.K NOW?" 

740 INPUT DS 

750 IF LEFTS$(D$,1="9" OR LEFT$(D$,1)="y° THEN GOTO 790 

760 PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

770 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD ANDEVERYTHING WILL WORK FOR YOU" 
780 INPUT E$: GOTO 420 

790 RETURN 


BO Cy Ae Ae 5 ae ee ae te FEE AE SE Ee AE He 48 HE SO 58 Se 40 Sb 50 50 50 50 50 Sb 40 5b 48 Se 50 50 50 OO 


B10 ° CALCULATION FOR PART 1: 


a 7°18 MictialaheMaheliatelieteheletalieleheleteheteheRehelehetehelichslishelichslsheieleiekeiehetel 


630 PRINT : PRINT ~ NOW IS CALCULATED PART 1:° 


B40 LET Pp=Pp*103 ‘CONVERTION FROM Kw TO w 
Boole Ley a" 16 —6 ‘CONVERTION FORM msec TO sec. 
6860 LET Pav=Pp*Fp*T ‘AVERAGE OUTPUT POWER 
870 LET Pav=Pav/ 1000 ‘CONVERTION FROM w TO Kw 
880 PRINT: PRINT: PRINT “PART 1:° 

890 PRINT “------- 7 


900 PRINT :PRINT “1. Pav=Pp*Fp*T="-Pav;"Kw';” : AVERAGE OUTPUT POWER™ 
910 RETURN 


970 * 50 St SO Se 8 Se He Se He Sk He SE He SE SO Se te Se He SE at Se ab Oe at Se de SE 48 OHO 38 48 8 ae 3 


930 ° CALCULATION FOR PART 2: 

940 dab Sab tb ab ab stb Bab tb ab ab tb AB SE HB SE ab ob et tb tb a a tb tb SE eS tb A a OB ob 4 a a 
950 PRINT: PRINT “ NOW IS CALCULATED PART 2:° 
960 PRINT: PRINT: PRINT “ PART 2:° 


970 PRINT “ ------- ° 

980 LET Bif=Bif*10°6 ‘CONVERTION FROM MHZ TO H2 

990 LET Pn=K*TO*Bif NOISE POWER 

1000 LET Pn1=10*M*LOG(Pn) ‘CONVERTION FROM w TO dbw 
1010 LET Pn2=Pni+30 CONVERTION FROM dbw TO dbm 


1020 PRINT : PRINT ”2(a). Pn=K*TO*BIf=";Pn;"W":” OR “:CINT(Pn2);"dbm”; ”: NOISE POWER” 
1030 IF (Pn2>".0.S) THEN GOTO 1090 ELSE 1040 

1040 IF (Pn2<M.0.5) THEN GOTO 1100 ELSE 1050 

1050 IF (Pn2=M.0.S) THENGOTO 1110 


WZ 


1060 LET Tfa=Tfa*3600 ‘CONVERTION FROM Hrs TO Sec. 

1070 LET A=LOG(T fa*Bif) 

1080 LET A=10*M*LOG(A) : GOTO 1120 ‘CONVERTION FROM NUMERIC TO db 

1090 PRINT : PRINT “ 2(b). THE NOISE POWER IS GREATER THAN THE M.0.S": GOTO 1060 

1100 PRINT :PRINT * 2(b). THE NOISE POWER IS SMALLER THAN THE 1.3.5": GOTO 10680 

1110 PRINT: PRINT” 2(b). THE NOISE POWER iS 2G. 2 Fi!2 1.9.9": GOTO 1050 

1120 PRINT : PRINT “ 2(c). (Vt°2)/(2¥0)=In(T fa*Bit)=",CSNG(A);"db"; “:R.M.S THRESHOLD POWER 
TONOISE RATIO” 

1130 PRINT :PRINT TAB(SS);"IF NO PULSE INTEGRATION IS PERFORMED” 

1140 RETURN 


| } Efe At Re AE SE AE AE AEE AE SEE SE AEE AR SE SE SE AE SE AE SE AE SE AE OE SE SE AE SE SE SE AE SE AE SR 


1160 © CALCULATION FOR PART 3: 

| | FPR Ae Ae AR AR Me Me eA Se SE Se EE AR Se Ee EE Ee SESE SESE SE SR ME HE SR ER 

1160 PRINT: PRINT “ NOW !S CALCULATEDPART 3: 

1190 PRINT : PRINT “ENTER THE TARGET CROSS SECTION Sc INSQ METERS" 

1200 INPUT Sc 

1210 PRINT : PRINT“ ENTER THEPROBABILITY OF DETECTION Pd“ 

1220 INPUT Pd 

1230 PRINT :PRINT “ENTER THE * OF PULSES THAT ARE INTEGRATED AFTER POST -OATECTION” 
1240 INPUT n 

1250 PRINT : PRINT “IS THE INPUT DATA CORRECCT Y/N?" 

1260 INPUT F$ 

1270 IF LEFTS$(F§, 1)="¥" OR LEFTS$(F$, 1)="y" THEN 1460 

1280 PRINT : PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 

1290 PRINT : PRINT “ 1. THE CROSS SECTION?” 

1300 PRINT :PRINT “2. THE PROBABILITY OF DETECTION?” 

1310 PRINT: PRINT “ 3. THE * OF INTEGRATED PULSES?” 

1320 INPUT G$ 

1330 IF G$="1" THEN PRINT : PRINT “ ENTER THE CROSS SECTION Sc IN SQ. METERS” 
1340 IF G$="1" THEN INPUT Sc : GOTO 1390 

1350 IF G$="2" THEN PRINT : PRINT “ENTERTHE PROBABILITY OF DETECTION Pd” 
1360 IF G$="2" THEN INPUT Pd : GOTO 1390 

1370 IF G$="3" THENPRINT : PRINT “ ENTERTHE * OF PULSES TOBE INTEG. n° 
1360 IF G$="3" THEN INPUT n: GOTO 1390 

1390 PRINT : PRINT “IS EVERYTHING 0.K NOW?” 


129 


1400 INPUT H$ 
1410 IF LEFTS(H$, 1)="Y" ORLEFT$(H$,1)="y° THENGOTO 1 460 
1430 PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?" 
1440 PRINT : PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU" 
1450 INPUT I$: GOTO 1290 
1460 LET Pfa=1/(Tfa*Bif) ‘PROBABILITY OF FALSE ALARM 

1470 PRINT :PRINT “SINCE YOU KNOW THE PROBABILITY OF FALSE ALARM Pfa=";Pfa",” 
1480 PRINT: PRINT “THE PROBABILITY OF DETECTION Pd=";Pd;"FROMFig. 2.7 (SKOLNIK Pg. 28)” 
1490 PRINT: PRINT ~ YOU CAN FIND THE (S/N) 17 

1500 PRINT: PRINT “ ENTER THE (S/N)! IN db” 

1510 INPUT S1 

{520 PRINT : PRINT “ SINCE YOUR FLUCTUATION CASE IS CASE4 FROMFig. 2.23 (SKOLNIK P9.48)° 
1530 PRINT : PRINT“ YOU CANFIND THE ADDITIONAL (S/N} 1 ad” 

1540 PRINT : PRINT “ENTER THE ADDITIONAL (S/N) 1ad IN db” 

1550 INPUT S2 | 
1560 LET $3=51+52 

(570 PRINT : PRINT * FROM Fig. 2.24 (SKOLNIK Pg. 49) YOU CANFIND THE INTEGR. IMR. FACTOR’ 

1580 PRINT: PRINT ~ ENTER THE INTEGR. IMR. FACTOR li(n) IN db” 

1590 INPUT | 

1600 LET $4=S3-| 

1610 PRINT: PRINT : PRINT ° PART 3:" 

1620 PRINT *------- ‘ 

1630 PRINT : PRINT “3(a). Sc=";Sc;"sq. m”; ": TARGET CROSS SECTION 

1650 PRINT : PRINT “ 3(b). Pd=";Pd; “: PROBABILITY OF DETECTION” 

1660 PRINT: PRINT * 3(c). n=";n; °: “OF INTEGRATED PULSES” 

1670 PRINT: PRINT ~ 3(d). YOUR MODEL 1S INCASE4”:” : SWERLING MODEL” 

1680 PRINT: PRINT * 3(e).Pfa=1/(Tfa*Bif)=";Pfa; “: PROBABILITY OF FALSE ALARM” 

1690 PRINT : PRINT * 3(f). (S/N) 1=";S 1;°db"; ~ :(S/N)1 FOR ONE PULSE INTEGRATED FROMFig 2.77 

1700 PRINT :PRINT *3(g). (S/N) 1ad=";S2:-"db";” ADDITIONAL (S/N) FROMFig. 2.7" 

1710 PRINT : PRINT ~ 3(h). (S/N) 1 tot=";S3;"db"; “: TOTAL (S/N) FROM Fig. 2.23" 

1720 PRINT: PRINT ~ 3¢1). Hi(n}="31;"db"; *: INTEGR. IMR. FACTOR FOR 30 PULSES FROM Fig. 2.24” 

1730 PRINT: PRINT ~ 3(k). (S/N)30=(S/N) I tot/li(n)=":54;"db"; “: THE MIN. (S/N) REQUIRED TO 
ACHIEVEPd=0.5° 

1740 RETURN 


Wi=\> tie teh it tt he eee LC LCE TET ETE Te ere LT. 


1760 ' CALCULATIONS FOR PART 4: 

] FiGt* 50 46 hE 5028 46 40 58 40 58 40 58 40 SE 4 SE 4b SB 40 SB 40 4B 4b Oe 48 OB 48 Oh 40 38 40 8 40 OB 40 8 He 
1780 PRINT: PRINT ~ NOW1S CALCULATED PART 4°" 

1790 PRINT :PRINT ” ENTER THE VALUE OF THE (S/N)min IN db” 


1800 INPUTS 

1810 PRINT: PRINT ~ ENTER THE TOTAL SYSTEMLOSSESLs IN db" 

18620 INPUTLs 

1830 LET F1i=F/10:F2=10F | ‘CONVERTION FROM db TO NUMERIC 

1640 LET G1=6/10 :G2=101 ‘CONVERTION FROM db TO NUMERIC 
1850 LET Lst=LS/10 :Ls2=10'Ls1 ‘CONVERTION FROM db TO NUMERIC 
1860 LET FO=FO*10°6: 1=C/FO 

femoelet 55=5/10: 56=10°SS ‘CONVERTION FROM db TO NUMERIC 


18BCLETR=(Pp*(G2°2)"(1°2)*Sc/(((4"P1)°3)*K*TO*F2*Bil*S6"LS2)) (1/4) 
1690 PRINT: PRINT : PRINT “ PART 4:° 
100 PRINT ~ ------- , 
1910 PRINT: PRINT ° 4a). (S/N)min=";5;"db" 
1920 PRINT : PRINT“ 4(b). Ls=";LS;"db°; °: TOTAL SYSTEM LOSSES” 
1930 PRINT: PRINT ~ 4{c). 
R=(Pp*(G°2)*(1°2)*Sc/(((4*P1)°3)*(K*TO*F *Bif)*(S/N)min*Ls))(1 /4)=";CSNG(R/ 1000);"KM?, 
MAX.RANGE™ 
1940 RETURN 


] 950% ** #¥* 5 te te ee ee ee ee ee ee ee ee ee ek ee ee ee! 


1960 © CALCULATIONS FOR PART 5: 

| OT Oe te ee ee ee 50 4B 50 50 40 40 48 4b 40 40 40 4b 40 tb 4 Ob 48 4b 58 tb Oh tb 4 ab He 40 a 

1960 PRINT: PRINT ~ NOW IS CALCULATED PART 5°" 

1990 PRINT :PRINT ” CNTCR THE MIN. RADAR RANGE R1 IN KM” 
2000 INPUT R1 

2010 LET TR=2*R1*1000/C-T "RECOVERY TIME 
2020 PRINT : PRINT : PRINT “ PART 35>" 

2050 PRINT  ---=--- : 

2040 PRINT: PRINT © S€a).R1=";R1;°KM"; *~: MIN. RADAR RANGE” 
2050 PRINT : PRINT “ S(b). TR=(2*R 1 * 1000/C)-T=";TR* 10°6;"“micsec”;” : RECOVERY TIME” 
2060 RETURN 


20 FOte RRR EE SE 40 SE 4b SE SE SBE SE Ae AE ab Ab ae Sh 3 Sh 28 Sh a8 Sh Oe Sb OP Sh Oe Sb 4b 4 OE 4 2b 


2080 © SUBROUTINE THAT PRINTS THE INPUT DATA 


Ik oll 


AO OLPt tat eee RENAN RAEN ERE ee ee 


2100 LPRINT : LPRINT TAB(30); “ PROBLEM *7" 

2110 LERING TAR(S0);" =--ao---—— 

2120 LPRINT :LPRINT:LPRINT “GIYEN” 

2100 UERING s2s2---=— ° 

2140 LPRINT: LPRINT ~ 1.Pp=";Pp;"Kw',”: PEAK POWER’ 

2150 LPRINT:LPRINT ~ 2. Fp=";Fp;"H2", ©: P.R.F™ 

2160 LPRINT:LPRINT “3.T=";T;“micsec™, ©: PULSE WIDTH" 

2170 LPRINT : LPRINT ° 4. Tfa=";Tfa;"Hrs”,” : FALSE ALARM TIME 

2180 LPRINT: LPRINT °5.F=";F;"db", © > RECEIVER NOISE FIGURE 
2190 LPRINT :LPRINT ° 6.FO=";FO;"MH2", “: TRANSMITTED FREQ.” 

2200 LPRINT: LPRINT “7. Fif=";Fif;“MH2", ©: IF FREQUENCY” 

2210 LPRINT : LPRINT ~ 8. B1f=";B1f;"MH2", “: 1F BANDWIDTH" 

2220 LPRINT :LPRINT ° 9. G=";6;"db", © > ANTENNA POWER GAIN" 
2230 LPRINT: LPRINT” 10.M.0.S=";4.0.S;"dbm", °: MIN. DETECTABLE SIGNAL” 
2240 RETURN 


IAS dra\ © pRathaliatielateRateiahel 5b 4b Sb 4b 5b 4b 40 4b 40 4b 40 40 5b 40 SO 40 40 48 SO 40 40 40 56 48 4A 40 48 40 SO 40 40 48 


2260 ° SUBROUTINE THAT PRINTS PART 1: 

PPNIUL ITO LITT IIe rr rir rrr orereye yyy 

2280 LPRINT:LPRINT :LPRINT “PART |:° 

2290 EPR ego —— ° 

2300 LPRINT:LPRINT “1.Pav=Pp*Fp*T=";Pav;Kw"s” : AVERAGE OUTPUT POWER™ 
2310 RETURN 


DE DOM BH A EM EAE 5 AE SE SE AE SO HE AE AP SE AE SE AE SP HE SE SE SE HE Ot Hb it 


2330 ' SUBROUTINE THAT PRINTS PART 2: 

VAT" '| 0 kalieltehtekteketek tek Rak tek Keke ket te keteheheRekeke tele 

2350 LPRINT: LPRINT :LPRINT “ PART 2:° 

2000 EPRIN] *------- 

2370 LPRINT : LPRINT “ 2(a). Pn=K*TO*BIT=";Pn;“W";” OR °;CINT(Pn2);"dbm’; ~: NOISE POWER™ 
2380 IF (Pn2>_.0.S) THEN GOTO 2410 ELSE 2390 

2390 IF (Pn2<M.0.S) THEN GOTO 2420 ELSE 2400 

2400 IF (Pn2=M.0.5) THEN GOTO 2430 

2410 LPRINT:LPRINT ~ 2(b). THE NOISE POWER IS GREATER THAN THE M.D.S" : GOTO 2440 
2420 LPRINT: LPRINT ~ 2(b). THE NOISE POWER IS SMALLER THAN THE I1.0.S" : GOTO 2440 
2450 LPRINT: LPRINT ~ 2(b). THE NOISE POWER IS EQUAL THE 1.0.5" 


pe 2 


2440 LPRINT :LPRINT ~ 2(c). (Vt°2)/(2YO)=In(Tfa*Bif)=";CSNG(A);" db"; ~: 8.1.5 THRESHOLD 
POWER TONDISE RATIO" 

2450 LPRINT :LPRINT TAB(S5S);"IF NO PULSE INTEGRATION IS PERFORMED" 

2460 RETURN 


DPE Ie et ERS REH RARER RRR RL RRR 


2480 ° SUBROUTINE THAT PRINTS PART 3: 

DAG 2 A a A HE ae AE ae SE ae AE He Ee AE ae Ee AE He SE HE a SE oe Ee EE 

2500 LPRINT : LPRINT : LPRINT * PART 3:” 

2510 LPRINT *------- : 

2520 LPRINT: LPRINT” 34). Sc-":Sc;"sq. m”,”:TARGET CROSS SECTION’ 

2530 LPRINT : LPRINT * 3(b). Pd=":Pd, *: PROBABILITY OF DETECTION” 

2540 LPRINT: LPRINT * 3(c).n=";n, ”: *OF INTEGRATED PULSES" 

2550 LPRINT: LPRINT * 3(d). YOUR MODEL 1S IN CASE4",*: SWERLING MODEL” 

2560 LPRINT: LPRINT “3(e). Pfa= 1/(Tfa*Bif)=";Pfa, *: PROBABILITY OF FALSE ALARM’ 

2570 LPRINT : LPRINT ” 3(f).(S/N)1=";S1;"db", “:(S/N)1 FOR ONE PULSE INTEGRATED FROM Fig 
a7 

2580 LPRINT :LPRINT ~ 3(g). (S/N) 1ad=",S2."db", *: ADDITIONAL (S/N) FROM Fig. 2.7° 

2590 LPRINT : LPRINT * 3(h). (S/N) 1tot=":S3;"db", *: TOTAL (S/N) FROM Fig. 2.23° 

2600 LPRINT : LPRINT *3(i). Hi(n)=";1;"db", *: INTEGR. IMR. FACTOR FOR 30 PULSES FROM Fig. 
2.24" 

2610 LPRINT : LPRINT” 3(k). (S/N)30=(S/N)tot/I(n)=";54;"db", * : THE MIN. (S/N) REQUIRED TO 
ACHIEVEPd=0.5" 

2620 RETURN 


DE DLs Me RA ME a A Ae AE Ae Se EE ae ae ae ae ae a ae a a A a A a ae ea a a 


2640 * SUBROUTINE THAT PRINTS PART 4: 

DE SO HE EEE EAE EE A aE Hn at a a a at a ab oe 

2660 LPRINT: LPRINT : LPRINT “ PART 4:° 

eae LP RIN ------- a 

2660 LPRINT: LPRINT” 4(4).(S/N)min=";S;"db" 

2690 LPRINT : LPRINT “ 4{b). Ls=";L$;"db"; “: TOTAL SYSTEM LOSSES” 

2700 LPRINT : LPRINT ° 4{(c). 
R=(Pp*(G6°2)*(1°2)*Sc/(((4*P1)°3)*(K*TO*F*BIFD*(S/N)min*Ls))C1 /4)=";CSNG(R/ 1000);"KM. 
MAX. RANGE” 

2710 RETURN 


DIDO RHEE EKG EE Ae EE REE BR 


Ss 


2730 ‘ SUBROUTINE THAT PRINTS PART 5: 
VM | 8 eh ahehateletehelickslekeleleiakelahsisheleheiahehsheteheRekelehehel 

2750 LPRINT : LPRINT : LPRINT * PART 5:” 

2760 LPRINT *------- 

2770 LPRINT : LPRINT “5(a). R1=7:R1;"KM1";": MIN. RADAR RANGE” 

2780 LPRINT :LPRINT *5(b). TR=(2*R 1 *1000/C)-T=";TR* 10°6;"micsec’; * RECOVERY TIME” 
2790 RETURN 


PROBLEM*? 


GIVEN 

|. Pp= 200 Kw : PEAK POWER 

2. Fp= 300 HZ ete. E 

3.T= 60 micsec > PULSE WIDTH 

4.Tfa= 2.2Hrs : FALSE ALARM TIME 
Sr— 0.9 db : RECEIVER NOISE FIGURE 
6. FO= 400 MHZ : TRANSMITTED FREQ. 
foet= 120 MHZ IF FREQUENCY 

Seon 1.25 MHZ DIF BANDWIDTH 

9.G= 21 db : ANTENNA POWER GAIN 


10.6.0.5=-115Sdbm =: MIN. DETECTABLE SIGNAL 


PART |: 
1.Pav=Pp*Fp*T= 3.6Kw : AVERAGE OUTPUT POWER 





PART 2: 
2(a). Ph=kK*TO*Bif=5.0025d-15 W OR-113dbm : NOISE POWER 
2(b). THE NOISE POWER 1S GREATER THAN THE M.D.S 
2(C). (VU2)/(2YO)=In(Tla*Bif= 13.6203 db :R.M.S THRESHOLD POWER TONOISE RATIO 
IF NO PULSE INTEGRATION 1S PERFORMED 





PART 3: 
3(a). Sc= 1 Sq. m TARGET CROSS SECTION 

3(b). Pd= .5 : PROBABILITY OF DETECTION 

3(c). n= 30 : “OF INTEGRATED PULSES 

3(d). YOUR MODEL 1S IN CASEd : SWERLING MODEL 

3(2).Pfa=!/(Tfa*Bif)= 1E-10 :PROBABILITY OF FALSE ALARM 

3(f). (S/N) 1= 13.6 db (S/N) 1 FGR ONE PULSE INTEGRATED FROM Fig 2.7 
3(g). (S/N) led= 1 db : ADDITIONAL (S/N) 

3(h). (S/N) i tot= 14.6 db : TOTAL (S/N) 


iS 


PART 4: 

4(a).(S/N)minz= 4 db 

4{b). Ls= 1 db: TOTAL SYSTEMLOSSES 

A(c).R=(Pp7( G72)" 01°29" Sc/(((4* PI) S)*(K*TO*E 81 A(S/NImIn*Ls))-(1/4)=5S.7 151s 





5(a).Ri= 10.5 KM: MIN. RADAR RANGE 
5(b). TR=(2*R 1* 1000/C)-T= 10 micsec: RECOVERY TIME 


eo 


( 


10 
20 
30 
40 
30 
60 
TO 
BO 
90 
100 


PRINT : PRINT TAB(30); “ PROBLEM “8° 

PRINT TAB (30); * ----------- : 

LPRINT : LPRINT TAB(30); “ PROBLEM #8° 

LPRINT TAB (30); * ----------- : 

GOSUB 120 :GOSUB 490 

GOSUB 650 : GOSUB 790 

PRINT : PRINT “00 YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT A$ 

IF LEFTS$(A$, 1)="Y° OR LEFT $(A$, 1)="y° THEN 50 

END 


| | 0 * $B 38 3B 3B SB 36 SB 38 46 38 5B AE Ob 58 48 38 56 a8 bb 38 Db 56 Sb 8 4b at 40 8 


120 


a INPUTS THE DATA = 


} 30 * 86 58 56 58 56 48 56 48 56 48 56 48 56 48 56 48 5b 46 Sb 48 Sb 48 Sb 48 4b 48 4b 40 40 


140 
150 
160 
170 
180 
190 
200 
210 
220 
2350 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
Bou 


PRINT : PRINT " ENTER THE OPERATING FREQ. f IN GHZ" 

INPUT f: PRINT : PRINT * |. f=";f;"GH2" 

PRINT : PRINT “ENTER THE P.RF fp IN H2° 

INPUT fp: PRINT : PRINT * 2. fp=";fp;"H2" 

PRINT: PRINT “FROMFig. 13(SKOLNIK Handbook Pg. 17-16) AND FOR CHAFF YOU CAN FIND” 
PRINT * THE RANGE OF THE R.M.S VELOCITY SPREAD” 

PRINT : PRINT “ENTER THE LOWER VALUE Su! OF THER.M.S VELOCITY SPREAD IN m/s" 
INPUT Sut : PRINT: PRINT * 3. Sul=";Sul:*m/s" 

PRINT: PRINT “ ENTER THE UPPER VALUE Su2 OF THE R.M.S VELOCITY SPREAD IN m/s” 
INPUT Su2: PRINT : PRINT “ 4. Su2=";Su2;"m/s" 

PRINT : PRINT “1S THE INPUT DATA CORRECCT ¥/N?" 

INPUT B$ 

IF LEFT$(B$,1)="Y" ORLEFT$(B$, 1)="y" THEN 470 

PRINT: PRINT “ WHAT OF THE FOLLOWINGOO YOU WANT TO CHANGE?” 

PRINT: PRINT ° 1. THE OPERATING FREQ.?° 

PRINT : PRINT ° 2. THE PRE? 

PRINT : PRINT “3. THE LOWER VALUE OF THE R.M.S VELOCITY SPREAD?” 

PRINT: PRINT “4. THE UPPER VALUE OF THE R.M.S VELOCITY SPREAD?" 

INPUT C$ 

IF C$="1" THEN PRINT : PRINT * ENTER THE OPERATING FREQ. f IN GHZ" 

IF C$="1" THEN INPUT f : PRINT: PRINT * 1. f=":f:"GH2" -GOTO 410 

IF C$="2" THEN PRINT : PRINT “ENTER THE P.RF fp INH2" 


des] 


360 IF C$="2° THEN INPUT fp: PRINT: PRINT ~ 2. fp=";fp;H2 : GOTO 410 

370 IF C$="3" THEN PRINT: PRINT “ ENTER THE LOWER VALUE OF THE R.M.S VELOCITY SPREAD 
Sul INm/s” 

380 IF C$="3" THEN INPUT Sul : PRINT : PRINT ~ 3. Sui=";Su1;"m/3": GOTO 410 

390 IF C$="4" THEN PRINT: PRINT ~ ENTER THE UPPER VALUE OF THE R.N.S VELOCITY SPREAD 
Us2 IN m/s” 

400 IF C$="4° THEN INPUT Su2:PRINT : PRINT “ 4. Us2=";Us2;"m/s" : GOTO 410 

410 PRINT: PRINT “ ISEVERYTHING 0.K NOW?" 

420 INPUT D$ 

430 IF LEFT$(D$,1)="Y" ORLEFTS$(D$, 1)="y" THEN GOTO 470 

440 PRINT: PRINT “ WHAT DG YOU WANT TG CHANGE AGAIN?” 

450 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU" 

460 INPUT E$: GOTO 280 

470 RETURN 


AS Cf 3 48 at At a At ae 38 Ae 8 at OE at ae ae ae ae 3 HE SE A SE 38 8 8 4E 4E 5058 56 48 46 46 46 58 48 50 48 48 48 48 30 


490 — PRINTS THE INPUT DATA 

SOC Be ee ee ee ee SE ae SE Ae BE SE HE EOE BE SE SE SE SE SE SEE SE OE EE EE Ee EE 

510 PRINT: PRINT “GIVEN” 

Se ne aa : 

530 LPRINT:LPRINT “GIVEN 

540 LEARN =sss=-——> : 

550 PRINT: PRINT” 1. f=";f;°GH2°TAB(20);” : OPERATING FREQUENCY” 

560 LPRINT :LPRINT ~ 1. f=";f;°GH2°TAB(20);”: OPERATING FREQUENCY” 

570 PRINT: PRINT * 2. fp=";fp;"H2°TAB(20);” : P.R.F* 

580 LPRINT :LPRINT * 2. (p=":(p;>"H2°TAB(20);": PR 

990 PRINT: PRINT” 3. Sul=";Sul;°m/s TAB(20);": LOWER VALUE OF THER.M.S VELOCITY 
SPREAD" 

600 LPRINT:LPRINT “3. Sut=";Sul;"m/s°TAB(20);” : LOWER YALUE OF THE R.M.S VELOCITY 
SPREAD” 

610 PRINT :PRINT ~ 4. Su2=";Su2;"m/s°TAB(20);* : UPPER VALUE OF THE R.M.S VELOCITY 
SPREAD" 

620 LPRINT:LPRINT ~ 4. Su2=";Su2;"m/3°TAB(20);”: UPPER VALUE OF THER.M.S VELOCITY 
SPREAD" 

630 RETURN 


640'* 3b Ab MA SE AE HE AA Se A Se Oh Se A ad OA tO oh an a Oh hk Oh a Ok a8 at a Oh 38 Oe 8 Oe 


650 - CALCULATIONS 

BG OH Be 7 He Ae He 5 Se Be Se Be 58 SE HE SE FE SE HE HE Se He Ae Oe Oe SE 8 Oe 

ovo LCEnf=f*10'o ‘convertion from GH2 to H2 

680 LET C=3*10°8 ‘m/s 

690 LET Pl=3.14159 

700 LET a1=C°2/(8*Sul*2) ‘parameter dependent upon clutter 
710 LET a2=C*2/(8*Su2°2) = ‘parameter dependent upon clutter 
720 LET 12c1=012*{p*4/(2*P1"4*f*4) ‘imrovement factor 

730 LET [2c2 =82°2*{p°a4/(2*PI*4*f"4) ‘imrovement factor 
740 LET M=.4342945# 


750 LET I2cl=CINT(10*M*LOG(I2c1)) ‘convertion from numeric to db 
760 LET 12c2=CINT(10*M*LOG(I2c2)) ‘convertion from numeric to db 
770 RETURN 


FEO * HBR Re 50 SE SE SE SE SE SE SEE SE SE SE SE AE SE 4 58 EE SE SE ae ee 


790 © PRINTS THE OUTPUT 

EFCC Ht Mt Mt ae 9 Ae St ae ae A 8 Se a a HO a a A a at Ot at 

S10 PRINT :PRINT “ OUTPUT” 

820 PRINT ~ ------ : 

630 LPRINT :LPRINT “ OUTPUT” 

640° LPRINT © ------ " 

650 PRINT:PRINT “1.1 =C°2/(8*Su1°2)=";a1,°: PARAMETER DEPENDENT UPON CLUTTER™ 
860 LPRINT:LPRINT “ 1.a1=C°2/(8*Su 1°2)=";81,": PARAMETER DEPENDENT UPON CLUTTER” 
870 PRINT : PRINT “2.a2=C°2/(8*Su2°2)=";42,": PARAMETER DEPENDENT UPON CLUTTER" 
680 LPRINT:LPRINT “2. a2=C°2/(8*Su2°2)=":a2,°: PARAMETER DEPENDENT UPON CLUTTER” 
890 PRINT: PRINT “3. I2cl=a1 "Ip a/(2*PI4*f-d)=" 121 "ab", *: IMPROVEMENT FACTOR™ 
900 LPRINT:LPRINT “3. I2cl=al *fp°4/(2*PI°4*1°4)=";12c 1;°db",”: IMPROWEMENT FACTOR™ 
910 PRINT: PRINT “4. 12c2=a2*fp°4/(2*PI°4*(°4)=";1202;"db",”: IMPROVEMENT FACTOR" 
920 LPRINT:LPRINT “4. 12c2=a2*fp°4/(2*Pi°4¥1°4)=";1202;"db",”: IMPROVEMENT fF ACTOR" 
930 PRINT : PRINT “THE IMROVEMENT FACTOR ISFROM";I2c1;db°;> TO" ;12c2;"db" 

940 LPRINT :LPRINT “THE IMROVEMENT FACTOR ISFROM’;I2c 1;"db";” TO" ;12c2;"db" 

950 RETURN 


FROBEEIZS 


GIVEN 

|.f=6GHZ  : OPERATING FREQUENCY 

2.fp=1000HZ :P.RF | 
3.Sul=.4m/s :LOWER VALUE OF THE R.M.S VELOCITY SPREAD 

4.Su2=1m/s :UPPER VALUE OF THE R.M.S VELOCITY SPREAD 





OUTPUT 
}.al=C°2/(8*Sui°2)=7.03125D+16 :PARAMETERDEPENDENT UPON CLUTTER 
Pee kool 22 Zope tS > PARAMETER DEPENDENT UPON CLUTTER 


3.12cisal*fp°4/(2*Pl*4"f"4)= 43db  : IMPROVEMENT FACTOR 
4.12c2=-a2*{p'4/(2"P("a*1"4)= 27? db - IMPROVEMENT FACTOR 
**** THE IMROVEMENT FACTOR IS FROM 43 db TO 27 db **** 


10 PRINT : PRINT TAB(30); * PROBLEM “9° 

20 PRINT TAB (30); “----------- 

30 LPRINT : LPRINT TAB(30); “ PROBLEM #9" 

40 LPRINT TAB (30); “ -----------" 

50 GOSUB 120 :GOSUB 420 

60 GOSUB560 :GOSUB 630 

70 PRINT: PRINT “DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
BO INPUT A$ 

90 IF LEFT$(A$,1)="Y" OR LEFT$(A$, 1)="y" THEN 50 
100 END 

1 | 0 Cee eee ee ee ere eee ee ere Pe ek Se 

120 * — INPUTS THE DATA * 


1 30 * Bb SE 5b SO 5b 48 5b SE 5b 4E 5b SE 4b 4E 5b 48 Sb 58 Se 48 SO SE Se 4E 40 58 St SE ot 


140 
150 
160 
170 
180 
190 
200 
210 
Z20 
230 
240 
250 
260 
270 
280 

be 
290 
300 
310 
320 
BOO 
340 


PRINT : PRINT “ ENTER THE MEAN FREQ. OF THE CLUTTER SPECTRUM IN H2" 
INPUT fe: PRINT : PRINT * |. fe=":fe;"H2" 

PRINT : PRINT “ENTER THE PRE fp INH2° 

INPUT fp: PRINT : PRINT * 2. fp=";fp;"H2" 

PRINT : PRINT “ ENTER THER.M.S CLUTTER SPREAD Sc IN H2" 

INPUT Sc: PRINT : PRINT “3. Sc=":Sc;"H2" 

PRINT: PRINT “IS THE INPUT DATA CORRECCT Y/N?" - 

INPUT B$ 

IF LEFT$(B$, 1)="¥" ORLEFTS(B$, 1)="y" THEN 400 

PRINT: PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 
PRINT: PRINT * 1. THE MEAN FREQ. OF THE CLUTTER SPECTRUM?” 

PRINT : PRINT “2. THE P.R.E?" 

PRINT : PRINT “3. THE R.M.S CLUTTER SPREAD?” 

INPUT C$ 

IF C$="1° THEN PRINT : PRINT “ ENTER THE MEAN FREQ. OF THE CLUTTER SPECTRUM fe IN 


IF C$="1" THEN INPUT fe: PRINT: PRINT ~ 1. fe=";fe;"H2" : GOTO 340 

IF C$="2" THEN PRINT : PRINT “ ENTER THE P.R-F fp IN H2" 

IF C$="2" THEN INPUT fp : PRINT : PRINT “2. fp=";fp;"H2Z” : GOTO 340 

IF C$="3" THEN PRINT : PRINT “ ENTER THE R.M.S CLUTTER SPREAD Sc IN H2° 
[F C$="3" THEN INPUT Sc : PRINT : PRINT “3. Sc=";Se;"H2" : GOTO 340 
PRINT : PRINT “ISEVERYTHING 0. NOW?" 
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350 INPUT D$ 

360 IF LEFT$(D$,1)="¥° OR LEFT$(D$, 1)="y° THEN GOTO 400 

370 PRINT:PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?" 

380 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU" 
390 INPUT E$: GOTO 230 

400 RETURN 


4) (Uf 3 38 Ht He 3 AE Bt Ae ee 5e 3t 5E EE 50 50 SE Eb EE DO aE BE ESO HE SO 50 58 40 Se He 5O te eB 


420 ° PRINTS THE INPUT DATA 

AX Lf 32 0 EAE AE SESE AE HH EE SE BE SE BET TE FE AE SE HE TE HE TEE SE AE A OE HE EE OE OE OE OE Et 

440 PRINT :PRINT“ GIVEN” 

450 PRINT *--------- 7 

460 LPRINT:LPRINT "GIVEN" 

470 LPRINT *--------- 

480 PRINT :PRINT “1. fe=";fe;-HZ"TAB(20);” : MEAN FREQUENCY OF THE CLUTTER SPECTRUM ° 


490 LPRINT :LPRINT “1. fe=";fe;"H2-TAB(20);" : MEAN FREQUENCY OF THE CLUTTER SPECTRUM * 


500 PRINT: PRINT ° 2. fp=";fp;"H2°TAB(20);” : P.R.F 

510 LPRINT :LPRINT ~ 2. (p=";f9;"H2°TAB(20);”: P.R.FO 

520 PRINT: PRINT “3. Sc=";Sc;"H2°T AB(20);” :R.M.S CLUTTER SPREAD” 
530 LPRINT:LPRINT ~ 3. Sc=";Sc;"H2°TAB(20);”: R.M.S CLUTTER SPREAD 
940 RETURN 


So O'* St St St Sh 56 58 SE SE SE SE 5A St SE SE SE 48 SE 48 58 58 50 58 56 48 58 58 SE 58 46 58 SE 58 SE 4 


560 ° CALCULATIONS 

WAS dk eh ee ee ee ee ee Se ee eee ee 

590 LETFI=Se/fp ‘rms clutter spread/pulse rep.freq. 

600 LET F2=fe/fp ‘meen freq. of the clutter spectrum/pulse rep. freq. 
610 RETURN 


620 * RM ee 3h AE TEE SEE SO SE OE aE Ob SE St OE ae ae Oh ae Oh ae Oe 48 Oe Oe oh Oe Oh 


630 ° PRINTS THE OUTPUT 

GAO’ HH At Ht A 5 48 50 tt 50 ae SO SE He SE SOE 5O SE ae a AE aE OE SE SO at Se Oe Oe at Oe ae Oe oe 

650 PRINT: PRINT : PRINT “ OUTPUT” 

SBOP RRING © ==---— : 

670 LPRINT -LPRINT: LPRINT ° OUTPUT" 

bad) LPRINT “==s5-> ° 

690 PRINT :PRINT “ 1.Sc/fp=";F 1:7: R.M.S CLUTTER SPREAD/P.R.F” 

700 PRINT: PRINT * 2. fe/fp="F2;” : MEAN FREQ. OF THE CLUTTER SPECTRUM/P R.F* 
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710 LPRINT :LPRINT ° 1.Sc¢/1p=";F 15°: R.M.S CLUTTER SPREAD/P.R.F“ 

720 LPRINT: LPRINT ” 2. fe/fp=F2;° : MEAN FREQ. OF THE CLUTTER SPECTRUM/P.R.F™ 

730 PRINT : PRINT ~ SINCE YOU KNOW THAT Sc/fp=";F t;” AND °;“fe/fp=";F2 

740 PRINT : PRINT “ FROMFI9. 4.34 (SKOLNIK Pg. 141) YOU CAN FIND THE IMR. FACTOR IN db” 

750 PRINT: PRINT “ ENTER THE VALUE OF THE IMR. FACTOR" 

760 INPUT | 

770 PRINT: PRINT © 3. l=";1;°db";”: REDUCTION OF THE IMR.FACTOR FOR THE NEAR IOEALCASE,” 

760 PRINT : PRINT TAB(16); ASSUMING A THREE PULSE CANCELER™ 

790 LPRINT : LPRINT © 3. t=";);"db°;” : REDUCTION OF THE IMR. FACTOR FOR THE NEAR IDEAL 
CASE,” 

800 LPRINT :LPRINT TAB(19);"ASSUMING A THREE PULSE CANCELER™ 

510 RETURN 
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PROBLEM#3 


GIVEN 

1.fe=30HZ :>MEAN FREQUENCY OF THE CLUTTER SPECTRUM 
2.fp=300H2 :P.RF 

Sr oc=o WE /R.M.S CLUTTER SPREAD 


QUTPUT 

1.Sc/fp=.01 :R.1.S CLUTTER SPREAD/P.R.F 

2.fe/fp=.1 :MEAN FREQ. OF THE CLUTTER SPECTRUM/P.R.F 

3.l=24db -:REDUCTION QF THE IMR. FACTOR FOR THE NEAR IDEAL CASE, 
ASSUMING A THREE PULSE CANCELER 
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10 PRINT : PRINT TAB(30); “ PROBLEM #10" 

20 PRINT TAB (30); * ----------- ; 

30 GOSUB 100 :GOSUB500 

40 G0SUB700 :GOSUB 880 

SO PRINT: PRINT “DO YOU WANT TOTRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
60 INPUT At 

70 IF LEFTS(A$,1)-"Y° OR LEFT $(A$,1)="y" THEN 30 


60 6 END 
30 * 42 50 40 50 58 50 48 5b 40 50 40 50 40 5b 40 50 48 40 40 50 48 50 40 50 48 40 40 50 oe 
100 '* INPUTS THE DATA ‘g 


1 | 0 * BO 42 40 42 50 40 56 58 450 48 50 40 40 40 50 40 50 40 40 40 50 48 50 48 40 48 40 48 He 


120 PRINT : PRINT “ ENTER THE OPERATING FREQ. (0 IN MH2° 

130 INPUT f[0: PRINT: PRINT “1. f0=";f0;°MH2Z° 

140 PRINT: PRINT “ENTER THE SCAN ANGLE OFF ANTENNA CENTER AXIS THS IN Deg.” 

150 INPUT THS: PRINT: PRINT * 2. THS=":THS;"Deg.” 

160 PRINT :PRINT “ENTER THE SEPARATION BET WEEN THE TWO ADJACENT ARRAY ELEMENTS d! 
INcm” 

170 INPUT d1: PRINT: PRINT “3. dl=";d1;-cm’ 

180 PRINT: PRINT “ ENTER THE DIAMETER OF THE PHASE ARRAY ANTENNA d INM” 

190 INPUT d: PRINT: PRINT ~ 4. d=";sd;>°m° 

200 PRINT: PRINT “ ENTER THE OFF CENTER ANGLE WHERE THE ANTENNA IS STEERED THO IN 
Deg.” 

210 INPUT THO: PRINT : PRINT “5S. THO=";THO;"Deg.” 

220 PRINT : PRINT” 1S THE INPUT DATA CORRECT Y/N?" 

230 INPUT B$ 

240 IF LEFT$(B$,1)="Y" ORLEFT$(B$, 1)="y" THEN 480 

250 PRINT: PRINT ~ WHAT OF THE FOLLOWINGDO YOU WANT TO CHANGE?” 

260 PRINT: PRINT ” 1. THE OPERATING FREQ?” 

270 PRINT : PRINT” 2. THE SCAN ANGLE OFF,ANTENNA CENTER AXIS?" 

280 PRINT: PRINT” 3. THE SEPARATION BET WEEN THE TWO ADJACENT ARRAY ELEMENTS?” 

290 PRINT: PRINT “4. THE DIAMETER OF THE PHASE ARRAY ANTENNA?” 

300 PRINT : PRINT *5. THE OFF CENTER ANGLE WHERE THE ANTENNA IS STEERED?” 

310 INPUT C$ 

320 IF C$="1" THEN PRINT: PRINT “ ENTER THE OPERATING FREQ.IN MHZ” 

330 IF C$="1" THEN INPUT 10: PRINT : PRINT” 1. f0=";10;"MH2” : GOTO 420 

340 IF C$="2" THEN PRINT: PRINT “ ENTER THE SCAN ANGLE OFF ANTENNA CENTER AXIS THS If 
Deg.” 

350 IF C$="2° THEN INPUT THS: PRINT : PRINT “ 2. THS=";THS;"Deg.” : GOTO 420 

360 IF C$="3" THEN PRINT : PRINT “ENTER THE SEPARATION BETWEEN THE TWO ADUACENT 
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ARRAYELEMENTS a1 INCM 

370 IF C$="3" THEN INPUT d1: PRINT: PRINT ” 3. dt=":d1;"cm" : GOTO 420 

380 IF C$="4" THEN PRINT : PRINT “ ENTER THE DIAMETER OF THE PHASE ARRAY ANTENNA GIN 
a" 

390 IF C$="4" THEN INPUT d: PRINT: PRINT ~ 4. d=";0;"m" : GOTO 420 

400 IF C$="5" THEN PRINT: PRINT “ENTER THE OFF CENTER ANGLE WHERE THE ANTENNA IS 
STEERED THO IN Deg.” 

410 IF C$="5" THEN INPUT THO: PRINT : PRINT “SI THO=";THO;"Deg.” : GOTO 420 

420 PRINT : PRINT * ISEVERYTHING 0.K NOW?" 

430 INPUT D$ 

440 IF LEFT$(D$,1)="Y" OR LEFT$(D$,1)="y” THEN GOTO 480 

450 PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

460 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU" 

470 INPUT Ef: GOTO 260 

480 RETURN 


AS Lf 6 ee AE ae AE He ee SE St SE Se SE TE SEE SE AE SE SE A SE SE SE SE SE SE SE SE SE SE SO OP SE Ot 8 SE OE 


500° PRINTS THE INPUT DATA 
5 | (Uf 4 28 48 0 40 58 40 St SE St SEE Sh Sb 5h 4h 4h 4h Sh ab 4 58 46 58 4b 48 46 48 Ob 48 4b 48 Ob SO 5b SO 5G SE Ob 48 4h 

520 PRINT: PRINT"GIVEN? 

530 PRINT *--------- 

540 PRINT: PRINT” 1. f0=";f0;"MH2",” : OPERATING FREQUENCY” 

550 PRINT : PRINT” 2. THs=";THs;"Deg.”, “: SCAN ANGLE OFF ANTENNA CENTER AXIS” 


560 PRINT: PRINT 3.d1=";d1;°cm’, © > SEPARATION BETWEEN THE TWO ADJACENT 
ARRAYELEMENTS” 
570 PRINT: PRINT ~ 4. d=";d;"m", ” : DIAMETER OF THE PHASE ARRAY ANTENNA” 


580 PRINT: PRINT * 5. THO=":THO, “Deg.”,”: THE OFF CENTER ANGLE WHERE THE ANTENNA IS 
STEERED" 

590 LPRINT :LPRINT TAB(30);” PROBLEM * 10° 

600 LPRINT TAB(30).” -----------" 

610 LPRINT:LPRINT"GIYEN" 

620 LPRINT *--------- ; 

630 LPRINT:LPRINT” 1. f0=";10;"MH2",” : OPERATING FREQUENCY” 

640 LPRINT :LPRINT~ 2. THS=":THS;"Deg.”, “: SCAN ANGLE OFF,ANTENNA CENTER AXIS" 


6350 LPRINT:LPRINT ~ 3. dl=";d1;°cm’, ° : SEPARATION BETWEEN THE TWO ADJACENT 
ARRAYELEMENTS” 
660 LPRINT:LPRINT “4 4=";0;"m’, ° > DIAMETER OF THE PHASE ARRAY ANTENNA” 


670 LPRINT :LPRINT “5. THO=";THO, “Deg.”,”: THE OFF CENTER ANGLE WHERE THE ANTENNA!S 
STEERED” 
680 RETURN 
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nese eerie oe Se Oe OE SSE Ee ee Eee ee ee ee EEE 


706 ° CALCULATION FOR PARTI: 

F | (p20 ae 0 20 He ae aE aE A ae Ne ae Ae HE ae 50-28 50-58 50-8 0-8 ee Se Se He Be He Bt He 
Peete e\i=3.}41593* 

fo LET C=S* 10'S 

740 LET f0=f0* 10°65 

foo Len I=C/T0 

766 LET d1=d1/100 

770 LET PHI=2*P1%(01/1)*SIN(THO*PI/ 180) 

766 LET PHI1=180*PHI/PI ‘Deg. 


TAL 2 ee HA Be Se ME Se SAE SEE SEE SE He EE He SR 4 SE 5E 50 50 46 50 50 40 38 8 


800 ' CALCULATION FOR PART2: 

8 1 (p20 AO 5 ae 58 SO 3 SE SE 50 ESE SESE SESE SE He TE SE HE SE OE Se OE SOE Ae Ee EE 
820 LET K=.666 

830 LET N=! 

B40 LETB.W=K*1/(N*d*(COS(THO*PI/ 180))) 

650 LET B.W1=180*6.W/T! eg 

860 RETURN 


BPO tee ee ee SE4E SE 40 SESE SE 40 SE 40 5840 SE 40 SE 40 SE 40 SE 40 5E 40 5E 40 5t 40 5 HO 


6580 ¢ PRINTOUT FOR PART 1 end PART 2 

EOL te Ae Me 0 se 5 Se Se Se SE 5 Ee FE 40 E50 SE 40 SE 48 SE Se St Se SE Se ESO St 

900 PRINT: PRINT : PRINT “ PART 1:° 

Se PRINT © ----—" 

920 LPRINT: LPRINT:LPRINT © PART 1: 

gee LPRINT “ ----- : 

940 PRINT :PRINT ~ 1.PH1=2*P1*(d/1)*SIN(THO)=";C SNG(PHI);"red”;” OR “;CSNG(PHI1);"Deg.";” 
: PHASE DIFFERENCE BET WEEN TWO ARRAY ELEMENTS” 

950 LPRINT :LPRINT “ 1. PHi=2*P1*(d/1)*SIN(THO)=" ;CSNG(PHI);“red”;” OR”; CSNGCPH! 1);"Dag.";” 

:PHASE DIFFERENCE BET WEEN TWO ARRAY ELEMENTS” 

960 PRINT: PRINT : PRINT “ PART 2: 

Smee RINT  —----~ . 

980 LPRINT :LPRINT :LPRINT “ PART2:" 

G20) LPRINT ~ ------ ; 

1000 PRINT: PRINT * 2. B.W=K"1/(N*d1*COS(THO))=" ;CSNG(B.W);"rad”;” OR” ;CSNG(B.W 1);"Deg.”; 
" > BEAMWIDTH AT 10 Deg. FOR THE SAME OUTPUT OF ARRAY ELEMENT™ 

1010 LPRINT :LPRINT * 2. B.w=K*1/(N*d 1 *COS(THO))=";CSNG(B.W);"rad”;” OR 
“;CSNG(B.W1);"Deg.”;" : BEAMWIDTH AT 10 Deg. FOR THE SAME OUTPUT OF ARRAY ELEMENT™ 
1020 RETURN 
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GIVEN 

1. fO= 1250 MHZ 
2. THS= 60 Deg. 
3. d1= 20cm 

4. d= 29m 





5. THO= 10 Deg. 


PART I: 


ad lB) pl aed 


OPERATING FREQUENCY 

: SCAN ANGLE OF ANTENNA CENTER AXIS 

> SEPARATION BETWEEN THE TWO ADJACENT ARRAY ELEMENTS 
: DIAMETER OF THE PHASE ARRAY ANTENNA 

> THE OFF CENTER ANGLE WHERE THE ANTENNA IS STEERED 


1, PHI=2*PI*(d/1)*SIN(THO)= .90922 red OR 52.0945 Deg. : PHASE DIFFERENCE B27 WEEN 


“OU 


ART2: 





2. B.W=K*1/(N*d | *COS(THO))= 7.27746E-03 rad OR 416968 Deg. :BEAMWIDTH AT 10 Deq. 


TWO ARRAY ELEMENTS 


FOR THE SAME OUTPUT OF ARRAY ELEMENT 


148 


—— 


10 

20 

30 

40 

30 

60 

70 

BO 

90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 


PRINT : PRINT TAB(30) “ PROBLEM #11” 
PRINT TAB(30); ° -----------" 
GOSUB 100: GOSUB 840 
GOSUB 1210 
PRINT : PRINT " DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT D$ 
IF LEFT$(D$,1)="Y" OR LEFT$(D$,1)="y" THEN 30 
END 


eee reer ee rere Te ee ee ee 


INPUTS THE DATA 


* Sb ab 4b Sb SB 4b SB 4b SB 4b Sb tb SO ab SB 4b Sb 4b 58 ab 58 Hb SB ab 48 ob SO 4b SO at 


PRINT : PRINT “ ENTER THE ANTENNA GAIN Ga IN dbi" 

INPUT Ga: PRINT : PRINT ~ t. Ga=";Ga;"db" 

PRINT : PRINT “ ENTER THE PEAK POWER Pt IN Mw" 

INPUT Pt: PRINT : PRINT * 2. Pt=";Pt;"Mw" 

PRINT: PRINT “ENTER THE OPERATING FREQ. fo IN MH2™ 

INPUT fo: PRINT : PRINT * 3. fo=";f0;°MH2" 

PRINT : PRINT “ ENTER THE AMBIENT TEMPERATURE Ta INKELVIN™ 
INPUT Ta: PRINT: PRINT ° 4. Ta=";Ta;"KELYIN" 

PRINT : PRINT “ ENTER THE RECEIVER BANDWIDTH Bn IN MH2" 
INPUT Bn: PRINT : PRINT ~ 5. Bn=";Bn;“MH2" 

PRINT : PRINT “ ENTER THE TARGET RADAR CROSS SECTION SIN sq.m 
INPUT S: PRINT: PRINT © 6. S=";S;"sq.m° 

PRINT: PRINT “ENTER THE RECEIVER NOISE FIGURE F IN db” 
INPUT PF CRING : PRINT 7. F= 3F>"dbD- 

PRINT : PRINT “ENTER THE P.R.F fp IN H2" 

INPUT fp: PRINT : PRINT “8. fp=";fp;"H2° 

PRINT : PRINT “ ENTER THE PULSE LENGTH t IN microsec.” 

INPUT t: PRINT : PRINT“ 9. t=";t;"microsec.” 

PRINT : PRINT “ ENTER THE INTEGRATION IMR. FACTOR !1(n) IN dbo 
INPUT 11: PRINT: PRINT ” 10. Hidn)=";1i;"db° 

PRINT : PRINT “ ENTER THE PROBABILITY OF DETECTION Pa” 
INPUT Pd: PRINT : PRINT “ 1 1.Pd=";Pd 

PRINT : PRINT ” ENTER THE FALSE ALARM RATE Pfa® 

INPUT Pfa: PRINT : PRINT ” 12. Pfa-";Pfa 
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3560 
370 
3380 
390 
400 
4/0 
420 
4350 
440 
450 
460 
470 
480 
4$0 
500 
910 
320 
930 
5340 
900 
360 
970 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 


PRINT : PRINT “ ENTER THE SYSTEMLOSSES Ls IN db” 
INPUT L$: PRINT : PRINT ~ 13. L8=";L$;"db" 
PRINT : PRINT “IS THE INPUT DATA CORRECT Y/N?* 


INPUT A$ 


IF LEFTS(A$,1)="Y" OR LEFT $(AS, 1)="y" THEN 620 

PRINT : PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 

PRINT: PRINT ° 1. THE ANTENNA GAIN?™,” 2. THE PEAK POWER?” 

PRINT : PRINT “3. THE OPERATING FREQ.?°,” 4. THE AMBIENT TEMPERATURE?” 

PRINT: PRINT “5. THE RECEIVER BANDWIDTH?”, 6. THE TARGET CROSS SECTION?” 
PRINT : PRINT ” 7. THE RECEIVER NOISE FIGURE?”,” &. THE P.R.F?™ 

PRINT : PRINT “9. THE PULSE LENGTH?”,” 10. THE INTEGRATION IMR. FACTOR?” 

PRINT :PRINT ” 11. THE PROBABILITY OF DETECTION?”,” 12. THE FALSE ALARM RATE?” 
PRINT : PRINT ~ 13. THE SYSTEM LOSSES?” 


INPUT C$ 
Te ee 
IF $271" 
IF C$="2" 
IF C$=*2" 
IF C$="3" 
if Gy= 37 
IF C$="4" 
IF C$2"6" 
IF C$="5° 
IF C$2"5" 
IF C$="6" 
IF C$="6" 
IF C$2"7" 
IF C$="7" 
Ble eras 
IF C$="8" 
IF C$="9" 
aes — 2) 


LF €S=) 107 
eye 1c. 


lFCS$=° 41 


THEN PRINT : PRINT “ENTER THE ANTENNA GAIN Ga IN db” 

THEN INPUT Ga: PRINT: PRINT ~ 1. Ga=";Ga;"db": GOTO 760 

THEN PRINT : PRINT “ ENTER THE PEAK POWER Pt IN MW" 

THEN INPUT Pt: PRINT : PRINT ~ 2. Pt=";Pt;"Mw" : GOTO 760 

THEN PRINT : PRINT “ ENTER THE OPERATING FREQ. fo IN MH2™ 

THEN INPUT fo: PRINT: PRINT ~ 3. fo=";fo;"MH2" : GOTO 760 

THEN PRINT : PRINT “ ENTER THE AMBIENT TEMPERATURE Ta IN KELVIN" 
THEN INPUT Ta: PRINT : PRINT “ 4. Ta=";Ta;KELVIN” : GOTO 760 

THEN PRINT : PRINT “ ENTER THE RECEIVER BANDWIDTH Bn IN MH2° 
THEN INPUT Bn: PRINT: PRINT “5. Bn=";Bn;"MH2" : GOTO 760 


THEN PRINT : PRINT “ ENTER THE TARGET RADAR CROSS SECTION S IN sq.m" 


THEN INPUT S: PRINT : PRINT ~ 6. S=";5;"sq.m" : GOTO 760 

THEN PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db” 

THEN INPUT F: PRINT : PRINT “ 7. F=";F;“db° : GOTO 760 

THEN PRINT : PRINT “ ENTER THE P.R.F fp IN H2" 

THEN INPUT fp: PRINT : PRINT ” 8. fp=";fp;"H2° : GOTO 760 

THEN PRINT : PRINT “ ENTER THE PULSE LENGTH t IN microgec.” 

THEN INPUT t: PRINT: PRINT “9. t=";t;"microsec.”: GOTO 760 
THEN PRINT : PRINT “ ENTER THE INTEGRATION IMR. FACTOR I1(n) IN db” 
THEN INPUT 11: PRINT : PRINT ~ 10. li(m)=":11;°db" : GOTO 760 
THEN PRINT : PRINT “ ENTER THE PROBABILITY OF DETECTION Pd” 


LO 


710) IF C$="11° THEN INPUT Pd: PRINT: PRINT ° 11.Pd=";Pd: GOTO 760 
720) «IF C$="12" THENPRINT : PRINT “ ENTER THE FALSE ALARM RATE Pfa" 
730 «IF C$="12" THEN INPUT Pfa: PRINT: PRINT ” 12. Pfa=";Pfa: GOTO 760 
740) «IF C$="13" THEN PRINT : PRINT “ ENTER THE SYSTEMLOSSES Ls IN db° 
7590 «IF C$="13° THEN INPUT LS: PRINT : PRINT © 13.L$=";L$;"db" : GOTO 760 
760) PRINT: PRINT “ ISEVERYTHING 0.K NOW?" 

770 ~=INPUT B$ 

780 IF LEFT$(B$,1)="¥" OR LEFT$(B$,1)="y" THEN GOTO 620 

790 =PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

600 PRINT: PRINT “ HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 
MALAKA* 

B10 INPUT F$ :GOTO 410 

620 RETURN 

830 * $048 5t 4b SE 48 SE 36 SE 4k 48 HE Sb tb 38 48 38 48 38 48 8 4h 4 48 28 4b 38 48 te 4h th 4 

840 PRINTS THE INPUT DATA 

850 * SO 4b 4B 4b SB 4b SB 4b 4B 48 SB 4h SB te Sb 48 48 db 48 4b Sb 48 4 ae 40 a 48 48 48 48 4 

660 LPRINT : LPRINT TAB(30);“ PROBLEM #11° 

aemeLerin’ 1 AB(30); ~ ----------- : 

880 LPRINT:LPRINT “GIVEN 

aoe iN, = —-------- 

900) «=~PRINT: PRINT“ GIVEN 

aeeeeRIN| © --------- ; 

920 PRINT:PRINT * 1. Ga=";Ga;"db" SPC(9); ” : ANTENNA GAIN™ 

930 LPRINT:LPRINT“ |. Ga=";Ga;“db" SPC(9); °: ANTENNA GAIN" 

940 PRINT: PRINT “2. Pt=";Pt;“Mw" SPC(10); ° : PEAK POWER® 

950 LPRINT:LPRINT ~ 2. Pt=";Pt;"Mw" SPC(10); “: PEAK POWER" 

960 PRINT: PRINT “3. fo=";f0;"MH2" SPC(7); “: OPERATING FREQ.” 

970 LPRINT : LPRINT “3. fo=";fo;“MH2° SPC(7); “: OPERATING FREQ.” 

960 PRINT: PRINT ° 4. Ta=";Ta;“KELVIN” SPC(S); ° : AMBIENT FREQ.” 

990 LPRINT:LPRINT “4. Ta=";Ta;“KELVIN" SPC(5S); “: AMBIENT FREQ.” 

1000 PRINT : PRINT “5. 6n=";Bn;"MH2° SPC(9);“: RECEIVER BANDWIDTH" 

1010 LPRINT :LPRINT “5S. Bn=";Bn;"MH2° SPC(9);": RECEIVER BANDWIDTH” 
1020 PRINT : PRINT “6. S=";5;"sq.m" SPC(9); ©: TARGET RADAR CROSS SECTION" 
1030 LPRINT :LPRINT * 6. S=";S;"sq.m° SPC(9); “: TARGET RADAR CROSS SECTION” 
1040 PRINT : PRINT “7. F=",F;"db° SPC(10);°: RECEIVER NOISE FIGURE" 


1050 
1060 
1070 
1080 
1690 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1180 
1190 


LPRINT : LPRINT ~ 7. F=";F;"db" SPC(1 0); “ : RECEIVER NOISE FIGURE 
PRINT : PRINT ~ 8. fp=";fp;"H2" SPC(8); * : P.R.FO 

LPRINT :LPRINT 8. fp=";fp;"H2" SPC(8); *: P.R.F* 

PRINT : PRINT “9. t=";t;"microsec.” SPC(4); “: PULSE LENGTH" 

LPRINT : LPRINT “9. t=";t;"mtcrosec.” SPC(4); ~: PULSE LENGTH" 

PRINT : PRINT ° 10. Hi(nJ=";11;°db" SPC(3);°: INTEGRATION IMR. FACTOR” 
LPRINT :LPRINT * 10. 1f(n)=";11;"db° SPC(3);°: INTEGRATION IMR. FACTOR™ 
PRINT : PRINT “ 11. Pd=";Pd SPC(10);": PROBABILITY OF DETECT ION® 
LPRINT : LPRINT” 11. Pd=";Pd SPC(10);*: PROBABILITY OF DETECTION” 
PRINT: PRINT “ 12. Pfa=";Pfa; “: FALSE ALARMRATE™ 

LPRINT : LPRINT ~ (2. Pfa=";Pfa;": FALSE ALARM RATE” 

PRINT : PRINT * 13. Ls=";Ls;"db" SPC(9); * : SYSTEM LOSSES” 

LPRINT : LPRINT ° 13.Ls=";Ls;“db" SPC(9); °: SYSTEM LOSSES” 

RETURN 


| 200 Bee Sie Sh Sb Sh db Sb ab 4 Seb 3b ab St 4b at Sb 58 4b 58 4b Ob 48 58 48 58 4d 58 a8 


2.00" 


CALCULATION & PRINTOUT 


| 220 St Ot 4b 58 4b 58 4b 46 40 46 4b SE Sb ot ob Ot 4b Se 4b Ot 4b SE ab SE 4b SE 48 SE 50 5O 40 56 48 


1230 
1240 
1250 
1260 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 


ors) 
1380 
1390 


PRINT : PRINT : PRINT ~ OUTPUT” 


LPRINT :-LPRINT : LPRINT “ QUTPUT™ 
LERING ” -sr==- : 

SG so 5og 10) 5) 

LET fo-fo*10°6 

LET 1=C/fo 

LET Ka 1. Se= 10-25 

LET T=290 

LET Pl=3.14159 

LET Pt=Pt*10°6 

LET Bn=Bn* 10°6 

LET M=.4342945+ 

PRINT : PRINT“ FROM Fig. 2.7 (Skolnik Pg. 28} YOU CAN FIND THE (S/N) 1 SINCE YOU KNOW 


PRINT : PRINT” Pd=";Pd, “&","Pfa=";Pfa 


PRINT : PRINT “ ENTER THE (S/N) 1 SN IN db" 
INPUT SN 


Ie Sy 


1400 LET Pt=10*M*LOG(Pt) :1=10*M*LOG(1) :S=10*M*LOG(S) 
1410 LET SUMI=Pt+2*Ga+2"1+11+5 

1420 LET Bn=10*M*LOG(Bn) 

1430 LET A=(4*PI)*3 : A= 10*M*LOG(A) 

1440 LET B=K*T : B= 10*M*LOG(B) 

1450 LET SUM2=A+B+Bnt+F+SN+L3 

1460 LET Rmex=(SUM1-SUN2)/4 : Rmex=Rmax/ 10: Rmax= 1 O’Rmex 
1470 PRINT :PRINT ; PRINT “ Rmax=":CSNG(Rmax/1000);"Km"; * or’; 
CSNG(Rmax/(1000*1.85));"n. miles”;” : MAX.RADAR RANGE” 

1480 LPRINT :LPRINT :LPRINT ~ Rmax=";CSNG(Rmex/ 1000); “Km”; * or’; 
CSNGiamax/( 1000* |.85)); mn. miles”; ~ : MAX. RADAR RANGE" 

1490 RETURN 


3 


PROBLEM* 11 





GIVEN 
1.Ga= 21 db > ANTENNA GAIN 
2.Pt=2Mw : PEAK POWER 


3. fo= SOOMH2 ~~: OPERATING FREQ. 
4.Ta= 62KELVIN : AMBIENT FREQ. 


S,o0= thine - RECEIVER BANDWIDTH 
6.5=55q¢.m > TARGET RADAR CROSS SECTION 
7. F= 10 db >RECEIVER NOISE FIGURE 

3. 1p= 500 H2 3 oS 


9.t=3microsec. :.PULSELENGTH 
10. (n= 16.5db - INTEGRATION IMR. FACTOR 


eats 22. : PROBABILITY OF DETECTION 
ee (G=mle 2 :FALSE ALARMRATE 

13. L3= 6 db : SYSTEM LOSSES 

OUTPUT 


Rmax= 123.481 km or 66.7454 n. miles : MAX. RADAR RANGE 


154 


10 
20 
30 


30 

60 

70 

BO 

90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
260 
290 
300 
310 
320 
330 
340 
350 


PRINT : PRINT TAB(30) ” PROBLEM #12” 

Been TAb(S0) Sooo -——— ; 

GOSUB 100 :GOSUB 1040 :GOSUB 1380 : GOSUB 1490 
GOSUB 1690: GOSUB 1840 : GOSUB 1950 : GOSUB 2110 
PRINT : PRINT " DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT D$ 

IF LEFT$(D$, 1)="Y" OR LEFT$(D$,1)="y" THEN 20 
END 


* Sb SE Sb SE Hb SE HE SE HE SE HE SE SE 36 Hb 50 St 8 SEO SO 50 Se 48 Se 48 SO 50 Set 58 


INPUTS THE DATA 
* SE 5b SE Sb SE Sb SE Hb Sk Sb SE Se Ok Sb OE 4b SE Sb Oh Sb OE 4b SE 4b Oe Sh Oe Se Se he a 
PRINT : PRINT ” ENTER THE OPERATING FREQ. fo IN MH2" 
INPUT fo: PRINT: PRINT ~ 1. fo=";f0;°>MH2" 
PRINT : PRINT ” ENTER THE PEAK POWER Pt IN KW" 
INPUT Pt: PRINT : PRINT ° 2. Pt=";Pt;"KW" 
PRINT : PRINT “ ENTER THE P.R.F fp IN H2" 
INPUT fp: PRINT : PRINT ~ 3. fp=";fp;"H2" 
PRINT : PRINT “ ENTER THE PULSE WIDTH t IN microsec.” 
INPUT t: PRINT : PRINT © 4. t=";t;"microsec.” 
PRINT : PRINT “ENTER THE ANTENNA SCAN RATE Wm IN H2" 
INPUT Wm: PRINT : PRINT “5. Wm=";Wm;"H2" 
PRINT : PRINT “ ENTER THE AZIMUTH BEAMWIDTH A.B IN deg.” 
INPUT A.B: PRINT : PRINT ° 6. A.B=";4.8;"deg.” 
PRINT : PRINT “ENTER THE ANTENNA GAIN Ga IN db” 
INPUT Ga: PRINT : PRINT ~ 7. Ga=";Ga;"db" 
PRINT :PRINT “ ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MHz" 
INPUT Bn: PRINT : PRINT “ 8. Bn=";B8n;“MH2° 
PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db” 
INPUT F : PRINT : PRINT ° 9. F=";F;"db" 
PRINT : PRINT “ ENTER THE SYSTEM LOSSES Ls IN db" 
INPUT Ls: PRINT : PRINT ~ 10. Ls=";L3;"db° 
PRINT : PRINT “ ENTER THE FALSE ALARM TIME Tfa IN days” 
INPUT Tfa: PRINT: PRINT ” 11. Tfa=";Tfa;"days” 
PRINT : PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN 
INPUT Ta: PRINT: PRINT © 12. Ta=";Ta; Kelvin’ 


AS) 


420 
430 
440 
450 
460 
470 
480 
490 
500 
510 
520 
530 
540 
550 
560 
570 
580 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 
720 
730 
740 
750 
760 


PRINT : PRINT “1S THE INPUT DATA CORRECT Y/N?" 


INPUT A$ 


IF LEFT$(A$, 1)=°9" OR LEFT$(A$, 1)="y" THEN 1020 
PRINT : PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 
PRINT : PRINT ” 1. THE OPERATING FREQ.7" 

PRINT : PRINT ” 2. THE PEAK POWER?” 

PRINT : PRINT “3. THE P.R.F?™ 

PRINT : PRINT “ 4. THE PULSE WIDTH?” 

PRINT : PRINT “5. THE ANTENNA SCAN RATE?” 

PRINT : PRINT “6. THE AZIMUTH BEAMWIDTH?™ 

PRINT : PRINT ~ 7. THE ANTENNA GAIN?” 

PRINT : PRINT ° 8. THERECEIVER NOISE BANDWIDTH?” 
PRINT : PRINT “9. THE RECEIVER NOISE FIGURE?” 

PRINT : PRINT “ 10. THE SYSTEM LOSSES?" 

PRINT : PRINT “ 11. THE FALSE ALARM TIME?” 

PRINT : PRINT “ 12. THE ANTENNA NOISE TEMPERATURE?” 


INPUT C$ 
IF G$e 1 
IF C$="1" 
[Eey=2 
IPGy= 2. 
IP oge"3" 
EF Ce 3 
IF C$="4" 
IF C$="4° 
IF C$="5" 
EGs= > 
IF C$="6° 
IF C$="6" 
IFCt= 7° 
IF C$="7" 
IF @5= oa: 
IF C$="8" 
IF C$="9" 
(Fet= 9 


THEN PRINT : PRINT “ ENTER THE OPERATING FREQ. fo IN MH2™ 
THEN INPUT fo: PRINT : PRINT ~ 1. fo=";fo;"MH2° : GOTO 620 
THEN PRINT : PRINT “ ENTER THE PEAK POWER Pt IN KW" 

THEN INPUT Pt: PRINT : PRINT “ 2. Pt=";Pt;"“KW" : GOTO 620 
THEN PRINT : PRINT “ ENTER THE P.R.F fp IN H2° 

THEN INPUT fp: PRINT: PRINT ~ 3. fp=";fp;"-H2° : GOTO 820 

THEN PRINT : PRINT “ ENTER THE PULSE WIDTH t IN microsec.” 
THEN INPUT t: PRINT: PRINT ° 4. t=";t;"microsec.” : GOTO 820 
THEN PRINT : PRINT ” ENTER THE ANTENNA SCAN RATE Wm IN H2° 
THEN INPUT Wm: PRINT: PRINT “5. Wm=";Wm;"H2" : GOTQ 820 
THEN PRINT : PRINT “ ENTER THE AZIMUTH BEAMWIDTH A.B IN deg.” 
THEN INPUT A.B: PRINT : PRINT “ 6. A.B=";A4.B;"deg.”: GOTO 620 
THEN PRINT : PRINT “ ENTER THE ANTENNA GAIN Ge IN db° 

THEN INPUT Ga: PRINT : PRINT * 7. Ga=";Ga;"db" : GOTO 820 


THEN PRINT : PRINT “ ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MH27 


THEN INPUT Bn: PRINT : PRINT * 8. Bn=";Bn;“MH2” : GOTO 620 
THEN PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db™ 
THEN INPUT F: PRINT : PRINT ” 9. F=";F;"db" : GOTO 820 


ilysy le} 


770 «IF C$="10" THENPRINT : PRINT “ ENTER THE SYSTEM LOSSES Ls IN db” 

780 «IF C$="10" THEN INPUT Ls: PRINT: PRINT ~ 10.L$=";L3;"db": GOTO 820 

780 «IF C$="11" THEN PRINT: PRINT “ ENTER THE FALSE ALARM TIME Tfa IN days” 

790 «JF C$="11" THEN INPUT Tfa: PRINT: PRINT “ 11. Tfa=";Tfe;days” : GOTO 620 

BOO =IFC$="12" THENPRINT: PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE T3 1M 
KELVIN" 

B10 IF C$="12" THEN INPUT Ta: PRINT: PRINT ~ 12. Ta=";Ta; Kelvin”: GOTO 820 

820 PRINT:PRINT ~ [S EVERYTHING O.K NOW?” 

970 INPUT B$ 

980 IF LEFT$(B$,1)="¥" ORLEFTS$(B$, I )="y" THEN GOTO 1020 

990 PRINT: PRINT “ WHAT DG YOU WANT TO CHANGE AGAIN?” 

1000 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 
MALAKA" 

1010 INPUTF$ :GOTO 460 


1020 


RETURN 


| 030 * ab 4b Sb 4b 2b 4b Ob 4 Ob 4b Ob 4b 2b 4b Ob 4b 2b 4b 2b 4b Ob 4b Ob 4b Ob Ob 2b 0b Ob 0 2 


1049 ° 


PRINTS THE INPUT DATA 


| 050 * 38 4b 56 4b 46 4b 58 4b 46 46 38 46 48 4b 38 48 46 4b 58 4b 58 ot 46 4b 38 4 8 4b 46 40 38 4G 


1060 
1070 
1060 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1160 
1170 
1180 
1190 
1200 
| ue 
1220 


LPRINT : LPRINT TAB(30); “ PROBLEM *12° 

Perinat 146(30);*------------ ° 

LPRINT :LPRINT“GIYEN" 

ey ---------" 

PRINT: PRINT “GIVEN 

ei = i 

PRINT : PRINT * 1. fo=":fo;"MH2" SPC(7); °: OPERATING FREQ.” 
LPRINT : LPRINT “1. fo=";fo;-MH2" SPC(7); ~: OPERATING FREQ.” 
PRINT: PRINT “2. Pt=";Pt;"KW" SPC(9); “: PEAK POWER" 

LPRINT :LPRINT * 2. Pt=";Pt;"KW" SPC(9); “ : PEAK POWER" 

PRINT : PRINT * 3. {p=":fp;"H2" SPC(9) “: P.R.F* 

LPRINT: LPRINT ~ 3. (p=";?p;"H2" SPC(9) “ : P.R.F* 

PRINT : PRINT “4 t=";t:"microsec” SPC(4); “: PULSE WIDTH" 
LPRINT : LPRINT “ 4. t=":t;"microsec” SPC(4);*: PULSE WIDTH" 
PRINT : PRINT” 5. Wm=";Wm;"H2" SPC(10);” : ANTENNA SCAN RATE” 
LPRINT : LPRINT” S. Wm=";Wm:"H2" SPC(10);” : ANTENNA SCAN RATE” 
PRINT :PRINT ° 6. A.B=";A.8;"deg.” SPC(S); “: AZIMUTH BEAMWIOTH™ 


esa 


1230 LPRINT :LPRINT 6. 4.6=";A.B;“deg.” SPC(6);~: AZIMUTH BEAMWIDTH" 

1240 PRINT: PRINT ~ 7. Ga=";Ga;"db” SPC(10); “: ANTENNA GAIN" 

1250 LPRINT:LPRINT ° 7. Ga=";Ga;"db“ SPC(10); “: ANTENNA GAIN" 

1250 PRINT :-PRINT ° 8. Bn=";Bn;“MH2° SPC(10); “: RECEIVER NOISE BANDWIDTH" 
1270 LPRINT:LPRINT “8. Bn=";Bn;"MH2* SPC(10); “: RECEIVER NOISE BANDWIDTH" 
1280 PRINT : PRINT ~ 9. F=";F;"db"; SPC(9); “: RECEIVER NOISE FIGURE” 

1290 LPRINT : LPRINT“ 9. F=";F;“db"; SPC(9);~ : RECEIVER NOISE FIGURE” 

1300 PRINT: PRINT “ 10. Ls=";L3;"db" SPC( 10); “: SYSTEM LOSSES” 

1310 LPRINT: LPRINT ° 10. Ls=";Ls;"db" SPC(10); “: SYSTEM LOSSES” 

1320 PRINT : PRINT “11. Tfa=";Tfa SPC(11);" : FALSE ALARM TIME™ 

1330 LPRINT: LPRINT“ 11. Tfa=";Tfa SPCC11);": FALSE ALARMT IME” 

1340 PRINT: PRINT * 12. Ta=";Ta;“Kelvin® SPC(S); ~: ANTENNA NOISE TEMPERATURE™ 
1350 LPRINT: LPRINT * 12. Ta=";Ta;"Kelvin® SPC(S); “: ANTENNA NOISE TEMPERATURE” 
1360 RETURN 


| STO Rh RRM RM ER ee ee ee ee eo ee ee oD 


1380 ° CALCULATION & PRINTOUT FOR PART a: 

1 3 OK! eR A St A SEAR SEE SE At SE AEE AE SE SS SE AE at Se SEE At 3 tt 
1400 PRINT: PRINT: PRINT ~ PART a:” 

fa 1O CR RING ==—-——— ° 

1420 LPRINT: LPRINT : LPRINT “PART a:” 

1400. URRY ~=-—-——= ' 

1440 LET Ts=60/Wm: n=CSNG(A.B*TS*fp/360) 

1450 PRINT: PRINT “ n=";n; °: * OF HITS PER SCAN 
1460 LPRINT: LPRINT “ n=";n;°:* OF HITS PER SCAN” 
1470 RETURN 


1 ABC) M7 3 28 St Ste At ae tae SEE Bt SE at IO te ot Se at Se at 8 at oe +t 38 4b Se 4 38 Ht 


1490 * CALCULATION & PRINTOUT FOR PART b: 

[SOO AA a 

1510 PRINT : PRINT : PRINT * PART b:* 

1520 PRINT * ------- : 

1530 LPRINT: LPRINT : LPRINT “PART b:” 

1540 |.PRINT “------- 

1550 LET Tfa=Tfa*24*3600 : Bn=Bn* 10°6 :Pra-CSNG(1/(Tfa*Bn)) 
1560 PRINT :PRINT “ ENTER THE PROBABILITY OF DETECTION Pd” 
1570 INPUT Pd 


imexs: 


1580 PRINT: PRINT “FROM FIG. 2.7 (Skolnik Pg. 28) YOUCAN FIND THE (S/N) 1 SINCE THE =” 
1590 PRINT :PRINT” Pfa=";Pfe, &°, Pd=";Pd 

1600 INPUT SN 

1610 PRINT: PRINT ~ a. Pd=";Pd;”: PROBABILITY OF DETECTION” 

1620 PRINT: PRINT ° Db. Pfa=";Pfa; “: PROBABILITY OF FALSE ALARM 

1630 PRINT : PRINT ~ c. (S/N) 1=";SN;"db";~ : (S/N) FOR SINGLE PULSE” 

1640 LPRINT :LPRINT ~ 6. Pd=";Pd;° : PROBABILITY OF DETECT ION" 

1650 LPRINT: LPRINT ” b. Pfa=";Pfa;” : PROBABILITY OF FALSE ALARM 

1660 LPRINT: LPRINT “c. (S/N) 1=";SN;“db"; °:(S/N) FOR SINGLE PULSE” 

1670 RETURN 


| GBC HH Fe He ee Ht He He He Se He Ste St SE SEE Sh AE SEE 48 46 48 46 48 48 40 48 OE 


1690 © CALCULATION & PRINTOUT FOR PART c: 

1 FOL 2 Bt Ae Be ae Se ae Se ae Se ae Se ae Se ae ae ae Se Se AE ae ESE Se Se AE ae Ot 48 St Se Ot 

1710 PRINT: PRINT: PRINT “PART c:° 

ioe EeIN) ---~--- " 

1730 LPRINT : LPRINT : LPRINT “ PART c:” 

ao eRRINT “-------" 

1750 PRINT : PRINT “FROM Fig. 2.8(e), (Skolnik Pg.31) YOU CAN FINDTHE INTEGRATION 
IMROVEMENT™ 

1760 PRINT :PRINT “FOR INCOHERENT INTEGRATION OF n=";"n°;"PULSES” 
1770 PRINT : PRINT “ ENTER THE INTEGRATION IMR. I1(n}° 

1780 INPUT Ii 

1790 111=CSNG(10*.4342945 *LOG(Ii)) 

1600 PRINT: PRINT” Hi(n)=";11;"numeric”;” or" ;lit;"db" 

1810 LPRINT :LPRINT “H(n)=";li;°"numerte”;” or”;i11;"db° 

1820 RETURN 


| BSL)! Ae He ARE Se HE SE SE BEE St SE SEE SE SE SE SE HEE SE HE SEE SE HE EE Ht Ht SE OE Ht 


1840 * CALCULATION & PRINTOUT FOR PART: 

1] BSL Ae A ee ee Ae ae eae Hee BO He HE He Ee a SE HE OE EE He a Ae HE HE OE 

1860 PRINT: PRINT: PRINT “PART 4: 

1870 PRINT “ -------" 

1880 LPRINT:LPRINT :LPRINT “PART d:” 

1881 LPRINT “------- : 

1890 LET K=1.38*10°-23 : TO=290: F=F/10:F=10°F 

1900 LETMDS=K*TO#F*Bn MOS 1-CSNG( 10*.43.42945**LOG(MDS)) 


1910 PRINT :PRINT °f1.0.5=";MOS1"obw"; “: MINIMUM DETECTABLE SIGNAL POWER” 
1920 LPRINT :LPRINT “M.D.S=";MDS1;"dbw"; “: MINIMUM DETECTABLE SIGNAL POWER™ 
1930 RETURN 


| GAL tt te ee pe ST EL ELE TET ET EL ET ET PT eS ST 


1950 * CALCULATION & PRINTOUT FOR PART @& f: 
] DEC Me eH Be Be ee ee a ee et Se EE et He He Sek ae Sk a He ee OO aE He 

1970 PRINT : PRINT : PRINT “PART @& f:° 

1980 PRINT “----------- . 

1990 LPRINT:LPRINT:LPRINT “PART e& f:" 

1991 LPRINT * ----------- : 

2000 LET Pt=Pt* 10°3 :Pt 1=CINT(10*.4342945**LOG(Pt)) 

2010 LET Peff=Pt1+Ga 

2020 LET Pl=3.14159: Ga=Ga/10 :Ga=10a 

2030 LET C=3*10: fo=fo*10°6 : 1=C/fo 

2040 LET Ae=CSNG(I°2*Ga/(4*P1)) 

2050 PRINT: PRINT “e. Peff=";Peff;“dbw"; *: PEAK EFFECTIVE RADIATED POWER” 
2060 PRINT: PRINT “ f. Ae=";Ae;"sq.m"; ~: EEFFECTIVE AREA OF THE ANTENNA ~ 
2070 LPRINT:LPRINT “e. Peff=":Peff;“dbw’; ~: PEAK EFFECTIVE RADIATED POWER” 
2080 LPRINT:LPRINT °f. Ae=";Ae;"sq.m"; ~: EEFFECTIVE AREA OF THE ANTENNA ~ 
2090 RETURN 


2 | CLL HE ee SE ee ee ae Se Oe SE Se ae HE He ae et SE ae EE SE at et et SE Ht 


2110 © CALCULATION & PRINTOUT FOR PART g: 

D | SO eA A EE MS EE OE SE SE Se SE SE Ee HE HE EE EE OE EE He HS 
2140 PRINT: PRINT: PRINT “PART 9: 

A500) PRs >-+-——— : 

2160 LPRINT:LPRINT: LPRINT “PART g:° 

216! LPRINT ~------- 

2170 PRINT: PRINT “ENTER THE CROSS SECTION OF THE NON FLUCTUATING TARGET RCSIN db 
2160 INPUT RCS 

2190 LET LS$=Ls/10:L8=10°L8 :Te=(F- 1)*TO :RCS=RCS/10:RCS=10°-RCS 

2200 LET SN=SN/10:SN=10°SN 

22 1CLETRmox=CSNG((Pt*Ga*Ae*RCS *11/((4*P1)°2*K*(Ta+Te)*Bn*SN*L3)) {1 /4)) 
2220 PRINT: PRINT “ Rmax=";Rmax/ 1000;°KM": * : MAXIMUM RANGE" 

2250 LPRINT: LPRINT” Rmex=";Rmax/1000;°KM":* :-MAXIMUM RANGE” 

2240 RETURN 


160 


ance) =) Od bl OP 


GIVEN 

1. fo= 5600 MHZ ~~ : OPERATING FREQ. 

2. Pt= 200 KW : PEAK POWER 

3. [p= 625 H2 ORE 

4.t= |.4microsec :PULSE WIDTH 

5. Wm= 16 Hz : ANTENNA SCAN RATE 

6. A.B= 1.5 deg. : AZIMUTH BEAMWIDTH 
7.Ga= 33 db : ANTENNA GAIN 

8. Bn= | MHZ >RECEIVER NOISE BANDWIDTH 
9. F= 9.88 db : RECEIVER NOISE FIGURE 
10.Ls=5db Si SUE UOseeS 

11. Tfa= 2 > FALSE ALARM TIME 


i2.Ta=75 kelvin  : ANTENNA NOISE TEMPERATURE 


PART 8: 





n= 9.76563 :* OF HITS PER SCAN 


PART D: 

a. Pd= .85 ; PROBABILITY OF DETECTION 
b.Pfa=5.78704D-12 : PROBABILITY OF FALSE ALARM 
c. (S/N) I= 16 db : (S/N) FOR SINGLE PULSE 





par C: 
li(n)= 7numeric or 8.45098 db 


PART a: 
M.0.S=- 134.097 dbw : MINIMUM DETECTABLE SIGNAL POWER 





PART 2 & f: 
a Peff= 86 abw >PEAK EFFECTIVE SADIATED POWER 


PART 9: 
Rmex= 36.5283 KM: MAXIMUM RANGE 


iGiZ 





10 
20 
30 
d0 
30 
60 
70 
60 
90 
100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
db" 
210 
220 
2350 
240 
250 
260 
270 
260 


PRINT : PRINT TAB(30); “ PROBLEM #13 ~ 

Bein TAD(S0),  ----------- ; 

GOSUB 100 :GOSUB 710 :GOSUB 990 

GOSUB 1110 :GOSUB 1240 : GOSUB 1350 

PRINT : PRINT “ DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT D$ 

IF LEFT$(D$, 1)="¥" OR LEFT$(D$,1)="y" THEN 30 

END 


* SO 3b 40 3b 4b 3b 40 3b 4b HO 4b 50 4b SE 4b 48 4 58 4b 40 Se 4 50 40 St 40 Se 40 OE 48 3 


INPUTS THE DATA 


* 5b 40 56 46 SE 40 SE 48 SE 48 36 48 SE 3b OO ot 38 40 36 48 3b 48 38 at 8 2b OO 3 3b 40 28 4 


PRINT : PRINT “ ENTER THE OPERATING FREQ. fo IN GH2" 

INPUT fo: PRINT: PRINT ~ 1. fo=";f0;"GH2° 

PRINT : PRINT “ENTER THE RADAR CROSS SECTION OF THE VEHICLES RCS iN dbsm” 

INPUT RCS: PRINT: PRINT “2. RCS=";RCS;"dbsm” 

PRINT : PRINT “ ENTER THE TRAVELING SPEED OF THE VEHICLES U IN mi/hrs* 

INPUT U: PRINT : PRINT “ 3. U=";U;"mi/hrs” 

PRINT: PRINT ~“ ENTER THE RANGE THE RADAR WILL DETECT THE VEHICLES RIN MILES” 
INPUT R: PRINT : PRINT “4. R=":R>-miles” 

PRINT :PRINT “ ENTER THE (S/N) REQUIRED AT THE QUTPUT OF THE IF AMPLIFIER SNout IN 


INPUT SNout : PRINT : PRINT“ 5. (S/N)out=";SNout;“db* 

PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db” 

INPUT F: PRINT : PRINT “6. F=";F;"db° 

PRINT : PRINT “ ENTER THE PLUMBING LOSSES Lp IN db” 

INPUT Lp: PRINT: PRINT © 7. Lp=";Lp;"db" 

PRINT: PRINT “ ENTER THE NOISE TEMPERATURE OF THE RECEIVER Ta IN KELVING 
INPUT Ta: PRINT : PRINT ° &. Te=";Ta; Kelvin’ 

PRINT : PRINT “ ENTER THE GAIN Gt OF THE TRANSMIT ANTENNA & Gr OF THE RECEIVE 


ANTENNA INdb™ 


290 
300 
3190 
320 
330 


INPUT Gr,Gt: PRINT : PRINT “ 9. Gt=";6t, “Gr=";Gr;"db" 

PRINT : PRINT “1S THE INPUT DATA CORRECT Y/N?" 

INPUT A$ 

IF LEFT 3(A$, 1)=°Y" OR LEFTS(AS, 1)="y" THEN 690 

PRINT : PRINT “ WHAT OF THE FOLLOWING O00 YOU WANT TO CHANGE?” 


240 
350 
360 
370 
230 


350 

400 

410 

420 

430 INPUT C$ 

440 IF C$="I" 

450 if C$="1° 

460 IF C$="2° 
INdbsm” 

470 IF C$="2" 

480 IF C$="3° 
mi/hrs” 

490 «OIF C$="3" 

500 «IF C$="4" 


PRINT : PRINT ~ 1. THE OPERATING FREQ.?7° 

PRINT : PRINT “2. THE VEHICLES RADAR CROSSS SECTION?” 

PRINT : PRINT “3. THE VELOCITY OF THE VEHICLES?” 

PRINT : PRINT © 4. THE RANGE OF THE VEHICLES?” 

PRINT : PRINT °S. THE (S/N) AT THE OUTPUT OF THE RECEIVER?” 
PRINT : PRINT “6. THE RECEIVER NOISE FIGURE?” 

PRINT : PRINT ~ 7. THE PLUMBING LOSSES?” 

PRINT : PRINT “8. THE AMIENT TEMPERATURE?” 

PRINT : PRINT ~ 9. THE GAIN OF THE TRNSMIT & RECEIVE ANTENNA?” 


THEN PRINT : PRINT “ ENTER THE OPERATING FREQ. fo IN GH2° 
THEN INPUT fo: PRINT: PRINT ~ |. fo=";fo;"GH2" : GOTO 620 
THEN PRINT : PRINT “ ENTER THE RADAR CROSS SECTION OF THE YEHICLES RES 


THEN INPUT RCS: PRINT : PRINT ° 2. RCS=";RCS;“dbsm” : GOTO 620 
THEN PRINT : PRINT “ ENTER THE TRAVELING SPEED OF THE VEHICLES U IN 


THEN INPUT U: PRINT : PRINT ~ 3. U=";U;"mt/hrs” : GOTO 620 
THEN PRINT : PRINT “ ENTER THE RANGE THE RADAR WILL DETECT THE 


YEHICLESR INMILES™ 


Ss) |e, 
320 


ey 94- 
lF C$="3" 


THEN INPUT R: PRINT : PRINT “ 4. R=";R>"miles”: GOTO 620 
THEN PRINT : PRINT “ ENTER THE (S/N) REQUIRED AT THE OUTPUT OF THE IF 


AMPLIFIER SNout IN db” 


So0” iE Les o: 
540 «IF C$="6" 
250) AE Ey. 6: 
560 IF C$-"7" 
570 iF Gyo 
580 IF C$="8" 
KELVIN" 

590 «IF C$="8" 
600 IF C$=-"9" 


THEN INPUT SNout : PRINT : PRINT ” 5. (S/N)out=";SNout;"db" : GOTO 620 
THEN PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db" 

THEN INPUT F: PRINT : PRINT © 6. F=";F;"db° : GOTO 620 

THEN PRINT : PRINT “ ENTER THE PLUMBING LOSSES Lp IN db” 

THEN INPUT Lp: PRINT : PRINT “ 7. Lp=";Lp;"db" : GOTO 620 

THEN PRINT : PRINT “ ENTER THE NOISE TEMPERATURE OF THE RECEIVER Ta IN 


THEN INPUT Ta: PRINT : PRINT © 8. Ta=";Ta;"Kelvin” : GOTO 620 
THEN PRINT : PRINT ~ ENTER THE GAIN Gt OF THE TRANSMIT ANTENNA & Gr OF 


THE RECEIVE ANTENNA IN db” 


510 IF C$="9" 


THEN INPUT Gr,Gt : PRINT : PRINT “9. Gt=";Gt, “Gr=";Gr;"db” : GOTO 620 


620 PRINT: PRINT ” IS EVERYTHING 0.K NOW?" 


630 INPUT Bt 

640 IF LEFT$(B$,1)="Y" OR LEFT$(B$,1)="y" THEN GOTO 690 

650 PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

670 PRINT:PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 
MALAKA" 

680 INPUTF$ :GOTO340 

690 RETURN 

700 “Seen eee eee eee 

710 PRINTS THE INPUT DATA 

720 * 5B 46 SB 40 40 46 8 4b 48 4b 38 4b Sb 4b OB 4 58 4b 40 46 38 38 48 Ot OO 30 28 4b 48 Ht 8 ot 

730 LPRINT : LPRINT TAB(30); ” PROBLEM # 13° 

740 LPRINT TAB(30); * ----------- 

750 LPRINT:LPRINT “GIVEN 

760 LPRINT *--------- 

770 PRINT: PRINT "GIVEN" 

780 PRINT“ --------- 

790 PRINT: PRINT” 1. fo=";f0;"GHz" SPC(10); “: OPERATING FREQ." 

BOO LPRINT: LPRINT * 1. fo=";fo;"GHz” SPC(10); “: OPERATING FREQ.” 

B10 PRINT :PRINT “2. RCS=";RCS;"dbsm” SPC(9);": VEHICLES RADAR CROSS SECTION" 

820 LPRINT: LPRINT * 2.RCS=";RCS;"dbsm” SPC(9); *: VEHICLES RADAR CROSS SECTION” 

830 PRINT : PRINT” 3.U=";U;"mi/hrs” SPC(7);*: VEHICLES'S TRAVELING VELOCITY" 

840 LPRINT: LPRINT * 3.U=";U;"mi/hrs” SPC(7); ”: VEHICLES'S TRAVELING VELOCITY” 

B50 PRINT: PRINT * 4. R=";R;"“miles” SPC(9); ~: RADAR-VEHICLE RANGE” 

860 LPRINT : LPRINT “4. R=";R;"miles” SPC(9); ”: RADAR-VEHICLE RANGE” 

870 PRINT: PRINT “ 5.(S/N)out=";SNout;“db" SPC(S); *: SIGNAL-TO-NOISE RATIO AT THE 
OUTPUT OF THERECEIVER™ 

880 LPRINT:LPRINT °S.(S/N)out=";SNout;“db" SPC(5); “:SIGNAL-TO-NOISE RATIO AT THE 
OUTPUT OF THERECEIVER™ 

B90 PRINT :PRINT ~ 6. F=";F;"db” SPC(10); ": RECEIVER NOISE FIGURE” 

900 LPRINT : LPRINT “6. F=",F;"db" SPC( 10); ~ : RECEIVER NOISE FIGURE” 

910 PRINT: PRINT * 7. Lp=";Lp;"db" SPC( 12); *: PLUMBING LOSSES" 

920 LPRINT : LPRINT” 7. Lp=";Lp;“db" SPC(12); ”: PLUMBING LOSSES" 

930 PRINT: PRINT “8. Ta=".Ta;"Kelvin” SPC(6);” : AMBIENT TEMPERATURE” 

940 LPRINT:LPRINT “8. Ta=";Ta;"Kelvin” SPC(6); ” : AMBIENT TEMPERATURE” 

950 PRINT: PRINT “9. Gt=":Gt;" Gr=";Gr:" db” SPC(1);": TRANSMIT & RECEIVE ANTENNAS 


(ere) 


GAIN 

960 LPRINT:LPRINT “9. Gt=";Gt;° Gr=";Gr;" db" SPC(1); ~: TRANSMIT & RECEIVE ANTENNAS 
GAIN" 

970 RETURN 


980 PEPPTerTeCeErT EL ELE LE LE Le LE LES RETR eS Ee EY 


990 ° CALCULATION & PRINTOUT OF PART a: 

] CCL) Bee Be ae Ee ee ae ee ee Be He ae ee Ot ee ae ae ee 

1010 PRINT : PRINT: PRINT “PART 4:° 

1020 PRINT *------- 

1030 LPRINT:LPRINT : LPRINT ~ PART a@:" 

1040 LPRINT “ ------- 

1050 LET fo=fo*10°9 :U=U*.447 :R=R*1610 :C=3*10°8 

1060 LET fd=2*u*fo/C : B=CINT(2*fd) 

1070 PRINT: PRINT “B=";B/1000;"KH2"; ~: RECEIVER BANDWIDTH” 
1080 LPRINT:LPRINT * B=":B/1000;"KH2";” :RECE!IVER BANDWIDTH” 
1090 RETURN 


| | OD #% ee ee BH 46 3b 5b 5b 58 58 SE 58 38 48 48 48 at SE SE Se 48 48 48 48 40 48 40 48 e458 8 


1110 * CALCULATION & PRINTOUT OF PART b: 

| ] DL) ee a ee Ee Ae ee He EEE SE te EE SE SE SE SE St Oe St SE SE SE OE a St 

1430 PRINT: PRINT: PRINT “ PART b:° 

140 PRIN =ssssa-- 

1150 LPRINT:LPRINT : LPRINT ~ PART b> 

1160 LPRINT ° ------- 

1170 LET K=1.38"10°-23 ; TO=290 : F=F/10 : F=tOF : Te=(F-1)*TG 
1186 LET SNout=SNout/ 10 :SNout=10°SNout 

1190 LET Sinp=K*(Ta+Te)*B*SNout : Sinp=CINT(10*.4342945* *LOG(Sinp}+(Lp/2)+30} 
1200 PRINT: PRINT “Sinp=";Sinp;"dbm’; °: RECEIVER INPUT SIGNAL POWER" 
1210 LPRINT: LPRINT “Sinp=";Sinp;'dbm"; ~: RECEIVER INPUT SIGNAL POWER™ 
1220 RETURN 


| D35Q BR RE RE RH RM FH FE AE EE OE St St St St AE aE AE HE AE St SE St 8 tot at at 3 


1240 * CALCULATION & PRINTOUT OF PART c: 

1 DE fy’ Me Ae Se Fe FO He Se Se HO HE He He SE SE HE HE HE HE tt St St St 8 St St St SE ae at St at St 4 att 
1260 PRINT: PRINT: PRINT ~ PART c:" 

'270 PRINT * ------- | 

1280 LPRINT :LPRINT : LPRINT * PART c:" 


1290 LPRINT “ ------- . | 
1300 LET 1=C/fo :Pl=3.14159 :Lbf=CSNG(10*.4342945**2*LOG(4*PI*R/1)) 

1310 PRINT : PRINT “Lbf=";Lbf;"db°; °: ONE WAY FREE SPACELOSSES FOR TARGET VEHICLES AT 
ARANGER=":R/1610;"miles” 

1320 LPRINT :LPRINT “ Lof=";Lbf;"db";” : ONE WAY FREE SPACE LOSSES FOR TARGET VEHICLES 
AT ARANGE R=";R/1610;“miles” 

1330 RETURN 


1 LT- | 0 hahahahaha lntalatahatehaiahahalntelahelshelatelntahatelatetatahatalel 


1350 * CALCULATION & PRINTOUT OF PART ¢: 
| SEQ ee Ae Be Bee Se se 5 et St Fe Ste Se 2 tt Be oe SO St 3 A SE tbe Se 0 St 3 

1370 PRINT : PRINT: PRINT “PART d:" 

1380 PRINT *------- . 

1390 LPRINT: LPRINT : LPRINT ” PART 7 

1400 LPRINT ” ------- . 

1410 LET RCS=RCS/10 :RCS=10°-RCS : Gs=10*.4342945**L0G(4*P1*RCS/1°2) 
1420 LET Pt=CSNG(Sinp-Gs+(2*Lbf-Gt-Gr)+(Lp/2)) 

1430 PRINT: PRINT * Pt=";Pt;"dbm’; “: TRANSMITTER OUTPUT POWER” 

1440 LPRINT: LPRINT “Pt=";Pt;"dbm”; *: TRANSMITTER OUTPUT POWER” 

1450 RETURN 


67 


PROEDEi=ae 


GIVEN 

|. fo= 10 GHz : OPERATING FREQ. 

2.RCS=Odpsm — : VEHICLES RADAR CROSS SECTION 
3.U= 100 mi/hrs —_: VEHICLES'S TRAVELING VELOCITY 


4, R=.5 miles > RADAR-VEHICLE RANGE 

5.(S/Njout= 1S db :SIGNAL-TO-NOISE RATIO AT THE OUTPUT OF THE RECEIVER 
Gers 7.29 00 : RECEIVER NOISE FIGURE 

f,Lp= 200 : PLUMBING LOSSES 


8.Te= S00 Keivin : AMBIENT TEMPERATURE 
9.Gt=20 Gr=20 db : TRANSMIT & RECEIVE ANTENNAS GAIN 


PART 6: 
B= 5.96 KHz: RECEIVER BANDWIDTH 


PART D: 
Sinp=-113 dbm: RECEIVER INPUT SIGNAL POWER 





Pan c: 
Lof= 110.558 db: ONE WAYFREE SPACE LOSSES FOR TARGET VEHICLES AT A RANGE R=.5 niles 





PART d: 
Pt= 27.5663 dbm: TRANSMITTER OUTPUT POWER 





20 
30 


30 

60 

70 

60 

90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
238 
240 
250 
260 
270 
280 
290 
300 
510 
320 
330 
340 
350 
369 
370 


PRINT : PRINT TAB(3Q); “ PROBLEM “14° 

Bein MABLS0); ----------- 

LPRINT : LPRINT TAB(390); “ PROBLEM * 14° 

BERINT |AB(S0);~ ----------- ° 

PRINT : PRINT “ ENTER THE OPERATING FREQ. fo IN GH2° 
INPUT fo: PRINT : PRINT © 1. fo=";fo;"GH2" 

PRINT : PRINT “ ENTER THE * OF THE STAGGER PERIODS n° 
INPUT n: PRINT: PRINT “ 2.n=";n 

PRINT : PRINT “ ENTER THE STAGGER PERIODS nt,n2,n3,n4° 
INPUT n1,n2,n3,n4: PRINT: PRINT ~3.71:T2:T3:T4= snl on2on3° nd 
PRINT : PRINT “ ENTER THE TIME AVERAGE Tavg IN sec.” 
INPUT Tavg: PRINT : PRINT “ 4. Tavg=";Tavg; sec.” 

PRINT :PRINT: PRINT° GIVEN 


LPRINT : LPRINT ~ 1. fo=";f0;°GH2" SPC(10); “: OPERATING FREQ.” 

LPRINT : LPRINT ° 2. n=";n SPC(14);° : * OF STAGGER PERIODS” 

LPRINT: LPRINT © 3.7 1:T2:73:T4e"sntorn2°sn3°sn4;” : RATIO OF STAGGER PERIODS” 
LPRINT :LPRINT ° 4. Tayg=";Tavg;"oee."; ": TIME AVERAGE” 

PRINT : PRINT * I. fo=";f0;°GH2" SPC(10); ”: OPERATING FREQ.” 

PRINT : PRINT ” 2. n=";n SPC(10); ” : * OF STAGGER PERIODS” 

PRINT : PRINT 3. T1:T2:73:T4="3n P"n2°Sn2°'n3°:"n4; ©: RATIO OF STAGGER PERIODS" 
PRINT : PRINT “4. Tavg=";Tavg;"sec.”; “: TIME AVERAGE” 

PRINT : PRINT: PRINT “ PART a:° 


LET SUM=n t+n2+n3+n4 

LET Tl =n*n1/SUM*Tavg : T2=n*n2/SUM*T avg : T3=n*n3/SUM*T avg : 

LET T4=n*n4/SUM*Tavg 

LET T 1=CSNGC(T 1*10°6): T2=CSNG(T 2% 10°6) : T3=CSNG(T 3% 10°6) : T4=CSNG(T 4* 10°56) 
eee PRINT t.Tt= Tl; microsec., Z2.1Z2= 12; microsec.” 

PRINT : PRINT “3. T3=";T3:"microsec.”, 4. T4=";Td4;"microsec.” 

LPRINT :LPRINT 1.T1=;Tl;‘microsec. , 2.T2=":T2:"microsec.” 


Les 


360 
390 
400 
410 
420 
430 
440 
a50 
460 
470 
480 
490 
200 


LPRINT : LPRINT © 3. T3=";T3;"microsec.”,” 4. T4=";T4;"microsec.” 
PRINT : PRINT : PRINT ~ PART D> 


LPSINT :LPRINT : LPRINT ~ PART b:” 

LPRINT " ------- : 

LET C=3* 10°8: fo=fo*10°9 : 1=C/To 
LET U1bl=1*(1/Tavg)*(1/ 1.02)*(SUM/n) 

PRINT : PRINT “ U1b1=";CINT(U 1b1);"Knots”; °: FIRST BLIND SPEED" 
LPRINT :LPRINT " U1b1=",CINT(U{bI);"Knots"; ”: FIRST BLIND SPEED" 
PRINT : PRINT “DO YOU WANT TO TRY AGAIN WORKER Y/N?" 
INPUT A$ 

IF LEFT$(A$,1)="Y" OR LEFTS$(A$,1)="y" THEN S50 

END 


JUGHG 


PROBLEM* 14 


GIVEN 

i. fo= | GH2 : OPERATING FREQ. 

2.n= 4 >* OF STAGGER PERIODS 

3.7 1:72:T3:T4= 25:30:30: 27:31 :RATIO OF STAGGER PERIODS 
4. Tavg=.00l sec. : TIME AVERAGE 


PART a: 
l= 864.956 microsec. 2.T2= 1061.95 microsec. 
3.73= 955.752 microsec. 4.Td= 1097.35 microsec. 


PART b: 
Uibl= 8309 Knots 





dkyaee 


10 
20 
30 
Brg 
30 
60 
7Q 
BO 
90 
100 


PRINT : PRINT TAB(30); “ PROBLEM #157 

PRINT TAB(SO);  ==>-----2 

LPRINT : LPRINT TAB(30); “ PROBLEM #157 

ere ACCS 0) aan ooo : 

DIM N(SO),4(50),B(50),w(S0) 

PRINT : PRINT “ ENTER THE OPERATING FREQ. fo IN GH2" 

INPUT fo : PRINT: PRINT “ 1. fo=";f0;°GH2° 

PRINT: PRINT “ ENTER THE P.R.F fp IN KH2™ 

INPUT fp : PRINT: PRINT “ 2. fp=";1p;"KH2° 

PRINT : PRINT “ENTER NUMBER OF PULSE CANCELLER n, (maximum you cen enter for this 


progrem isn=49)° 


110 
120 


INPUT n: PRINT . PRINT “ 3. n=";n 
PRINT : PRINT “ ENTER FREQ. f INH2, WHERE THE CLUTTER REJECTION WILL BE 


CALCULATED” 


130 
140 
150 
i60 
170 
180 
190 
200 
210 
220 
2350 
240 


INPUT f: PRINT : PRINT ~ 4. f=";f;°H2° 
PRINT : PRINT “ENTER THE RADIAL VELOCITY OF THE TARGET Ur IN Knots” 
INPUT Ur: PRINT : PRINT “5. Ur=";Ur;"Knots” 


* 50 56 58 40 40 40 40 46 48 48 46 48 SE 4p SO 48 40 te 40 40 St SO 58 48 58 46 SE 4G 


PRINTS THE INPUT DATA 


* 4b 4b 48 4b 48 40 48 4b 48 4 Ob Oe Ob 40 Ob 4 Ob 4 ad ae et a a 2 


LPRINT: LPRINT:LPRINT “GIVEN 


LPRINT: LPRINT “ 1. fo=";fo;"GH2" SPC(10); *: OPERATING FREQ.” 

LPRINT : LPRINT ~ 2. fp=";fp;“KH2" SPC(10); *: P.R.F* 

LPRINT : LPRINT ” 3. n=";n SPC(14); ” : NUMBER OF PULSE CANCELLER™ 

LPRINT :LPRINT “ 4. f=";f;"H2" SPC(11);” : FREQ. WHERE THE CLUTTER REJECTION WILL BE 


CALCULATED” 


250 
260 
270 
280 
290 
300 
419 
520 


LPRINT :LPRINT "5. Ur=";Ur;"Knots” SPC(6);": RADIAL VELOCITY OF THE TARGET" 


* 50 +b Pb 40 tb 40 th 48 te SE te 5E 4 46 tO 48 4h 48 40 48 50 58 4b 30 Se SE Sb 30 Sb 40 50 40 58 40 50 48 40 48 38 Se 


CALCULATIONS FOR PARTS a,b,c, 


* 50 +b 58 Sb Sb Sb SO 4b SE SE 8 SE SE at OO te SE HO 8 8 He SE 8 58 ae SE oe Se oe SO te Se oe St et SE te St 40 St He 


LET fn=fo*10°9 : fp=fp*10°S : C=-3*10°8 
LET l=C/fo : U!DI=FCSNG(*fp/ 1.02) 
PRINT - PRINT: PRINT ° PART a:" 


3350 
340 
Bt=16) 
360 
70 
560 
390 
400 
410 
420 


LPRINT : LPRINT :LPRINT © PART @:” 


PRINT : PRINT “Uibl=";U1bI;"“Knots”; ”: FIRST BLIND SPEED 
LPRINT : LPRINT “Utbl=";U1bI;“Knots”; ~: FIRST BLIND SPEED” 
PRINT : PRINT: PRINT © PART D> 


FOR l-1TOn-1 
N(O)= 1: NCI=I 
NCID=N(I- 11 
NEXT | 
FOR J=-!| TOn 
B(J)=J-1 
BC 1)=1 
B(O)= | 
A(Q)= | 
ACJ)=BCJ)*A(J- 12°: PRINT AGJ) 
WOJ)=(- 1)°C0- 1) *N(n- 1)7(N(n-J)* AQ) 
NEXT J 
PRINT : PRINT” 1.T1=T2=T3=";1/fp;"sec."; ~ : DELAYS OF THE 4PULSE CANCELE” 
LPRINT :LPRINT ” t. T1 =T2=T3 =";1/fp;"sec.”; ~: DELAYS OF THE 4 PULSE CANCELER” 
PRINT : PRINT © 2. THE WEIGHTS OF THE 4 PULSE CANCELER ARE: °: PRINT 
LPRINT :LPRINT ~ 2. THE WEIGHTS OF THE 4PULSE CANCELER ARE : °: LPRINT 
POR t=1710n 
PRINT  WO":17)° "=": WO"; : LPRINT ° WOES) 2 WOD: 
NEXT | 
PRINT : PRINT : PRINT “ PART cc: 


LPRINT : LPRINT : LPRINT “ PART c:” 

Bois) | -----=- i 
LET PI=3.14159 :REJ.-<CSNG(-60*%.4342945**LOG(SIN(PI*f/1p))) 
PRINT : PRINT ~ REJ.="j;REJ.;"db";" : CLUTTER REJECTION AT f=";f;°H2" 
Pei cumciieREs= REI: db; -CLUTTERREJECTION AT f=";f;H2 
PRINT - PRINT: PRINT “ PART d= 


Ape 


ste) ip diyhy © oy 

690 LPRINT:LPRINT : LPRINT ” PART d:” 

700 LPRINT * ------- ; 

710 LET fd=CSNG(1.03*Ur/1) 

720 = PRINT: PRINT” fd=";1d;"H2"; ”: DOPPLER FREQ. WHERE THE BIPOLAR VIDEO WILL 
FLUCTUATE” 

730 LPRINT:LPRINT ” fd=";fd;"H2"; ”: DOPPLER FREQ. WHERE THE BIPOLAR VIDEO WILL 
FLUCTUATE” 

740 PRINT: PRINT “DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 

750 INPUT A$ 

760 IF LEFT$(A$,1)="¥" OR LEFT $(A$, 1)="y" THEN 60 

770 = END 


174 


PROG inmeales 


GIVEN 

o-oo : OPERATING FREQ. 

2. fp= | KH2 : Par 

3.n= 4 > NUMBER OF PULSE CANCELLER 

4. f=25H2 > FREQ. WHERE THE CLUTTER REJECTION WILL BE CALCULATED 


5.Ur= 200 Knots : RADIAL VELOCITY OF THE TARGET 


PART a: 
Uibl= 294.118Knots :FIRST BLIND SPEED 





PART b: 

1.T1=T2=T3=.001 sec.: DELAYS OF THE 4PULSE CANCELER 
2. THE WEIGHTS OF THE 4 PULSE CANCELER ARE: 

WOT y= 1. WC 2)=-3 .WC3 )=3. Wl 4)=-1. 





PART C: 
REJ.= 66.3214ddb: CLUTTER REJECTION AT f= 25 H2 


PART d: 
fd=-686.667 Hz: DOPPLER FREQ. WHERE THE BIPOLAR VIDEO WILL FLUCTUATE 





nS 


APPENDIX B 


A listing of the Electronic Warfare computer programs is 
provided as well as an output of the results for each one of 


these programs. 
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—— a 7 


10 

i] 

20 

30 

40 

30 

60 

790 

BO 

90 

190 
110 
| ae 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
290 
260 
270 
280 
290 
300 
310 
320 
350 
340 


PRINT : PRINT TAB(30); * PROBLEM #1 - 

PRINT TAB(30); * ---------- 

GOSUB 100: GOSUB 850 : GOSUB 1060: GOSUB 1510 

GOSUB 1620 :GOSUB 1750 :GOSUB 1890: GOSUB 2070: GOSUB 2260 

PRINT : PRINT * DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N7" 
INPUT D$ 

IF LEFT$(D$,1)="¥" ORLEFT$(D$,1)="y" THEN 20 
END 


* Sb SE 4b Sb 4b Sh 4b Sb 4b Sb ob 6 4b 8 4b 58 4b 58 4b 58 4b 58 4b 38 4b 58 4b 32 4b 38 58 28 


INPUTS THE DATA 


* ib Uh Sb ah th Sh ab Sh eh th ab A Sb 38 Sb SE ab 48 4b 38 Sb SE Sb 48 Sb ae 4b 58 Ot Ot 8 8 


PRINT : PRINT “ ENTER THE OPERATING FREQ. [0 IN MH2" 

INPUT fO: PRINT : PRINT “ 1. f0=";f0;°MH2" 

PRINT : PRINT “ ENTER THE PULSE WIDTH (long) TI IN MICSEC.” 
INPUT TI: PRINT : PRINT © 2. TI=";T1;"MICSEC 

PRINT : PRINT “ ENTER THE PULSE WIDTH (short) Ts IN MICSEC." 
INPUT TS: PRINT : PRINT © 3. Ts=";TS;"MICSEC.” 

PRINT : PRINT © ENTER THE PEAK OUTPUT POWER Pr IN KW" 
INPUT Pr: PRINT : PRINT “4. Pr=";Pr;"kewe 

PRINT : PRINT “ ENTER THE P.R.F fp IN HZ" 

INPUT fp: PRINT : PRINT “5. fp=";fp;"H2" 

PRINT : PRINT “ ENTER THE BANDWIDTH (long pulse) Bri IN MHZ" 
INPUT Bri: PRINT : PRINT “6. Bri=";Bri ;“MH2" 

PRINT :PRINT “ ENTER THE BANDWIDTH (short pulse) Brs IN MH2° 
INPUT Brs: PRINT: PRINT ° 7. Brs=";Brs;MH2" 

PRINT : PRINT “ENTER THE ANTENNA SCAN FREQ. Wm IN RPM 
INPUT Wm: PRINT : PRINT“ 8. Wm=";Wm;"R.P.M" 

PRINT : PRINT “ ENTER THE AZIMUTH BEAMWIDOTH A.B IN Deg.” 
INPUT A.B: PRINT : PRINT ~ 9. A.B=";A.B;"Dag.” 

PRINT: PRINT “ ENTER THE ELEVATION BEAMWIDTH E.B IN Deg.” 
INPUT E.B: PRINT: PRINT © 10. £.B=";€.B;"Deg.” 

PRINT : PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN" 
INPUT Ta: PRINT : PRINT “ 11. Ta=";Ta; KELVIN" 

PRINT : PRINT “ENTER THE FALSE ALARM PROBABILITY Pfa” 
INPUT Pfa: PRINT : PRINT ” 12. Pfa=";Pfa 


1a 


330 
360 
370 
380 
390 
400 
410 
420 
430 
40 
450 
460 
470 
480 
490 
500 
a0 
920 
3350 
540 
950 
360 
370 
580 
290 


PRINT : PRINT “1S THE INPUT DATA CORRECT Y/N?" 


INPUT A$ 


IFLEFTS(A$,1)="¥" OR LEFT$(A$, 1)="y° THEN 820 

PRINT : PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 
PRINT : PRINT © 1. THE OPERATING FREQ.7° 

PRINT : PRINT “ 2. THE PULSE WIDTH (long) ?° 

PRINT : PRINT “3. THE PULSE WIDTH (short) ?° 

PRINT : PRINT © 4. THE PEAK QUTPUT POWER™ 

PRINT : PRINT ~ 5. THE P.R.F™ 

PRINT : PRINT © 6. THE BANDWIDTH FOR THE LONG PULSE?” 
PRINT : PRINT ° 7. THE BANDWIDTH FOR THE SHORT PULSE?” 
PRINT : PRINT “8. THE ANTENNA SCAN FREQ.?° 

PRINT : PRINT “9. THE AZIMUTH BEAMWIDTH?™ 

PRINT: PRINT ~ 10. THE ELEVATION BEAMWIDTH?" 

PRINT: PRINT “ 11. THE ANTENNA NOISE TEMPERATURE?” 
PRINT: PRINT ~ 12. THE FALSE ALARM PROBABILITY?” 


INPUT C$ 
IF C$="1° 
[FC$= 1° 
Rete 
Paper 2 
eC y=0> 
(2 0 Se 
IF C$="4" 
IF C$="4" 
a el 
[Sieg 
[FESS 6° 
IF C$="6" 
[hES=F7° 
(319 eras 
IF C$="8" 
Pets G: 
lF C$=9° 
lee o) 


THEN PRINT : PRINT “ ENTER THE OPERATING FREQ. f0 IN MHZ" 
THEN INPUT (0: PRINT : PRINT ” 1. f0=°;f0;"MHZ° : GOTO 760 
THEN PRINT : PRINT “ ENTER THE PULSE WIDTH (long) TI IN MICSEC.” 
THEN INPUT T1: PRINT : PRINT * 2. T1=°;T1;°MICSEC.” : GOTO 760 
THEN PRINT : PRINT “ ENTER THE PULSE WIDTH (short) Ts IN MICSEC.” 
THEN INPUT Ts: PRINT : PRINT “ 3. Ts=";Ts;MICSEC.” : GOTO 760 
THEN PRINT : PRINT “ ENTER THE PEAK POWER OUTPUT Pr IN KW" 
THEN INPUT Pr: PRINT : PRINT ° 4. Pr=";Pr;"K'w" : GOTO 769 
THEN PRINT : PRINT “ ENTER THE P.R-F pf IN H2™ 
THEN INPUT pf: PRINT: PRINT “5. pf=";pf;"H2" : GOTO 760 
THEN PRINT : PRINT “ENTER THE BANDWIDTH (long pulse) Br) IN MH2™ 
THEN INPUT Bri: PRINT : PRINT ° 6. Bri=";Bri;"MH2" : GOTO 760 
THEN PRINT : PRINT “ ENTER THE BANDWIDTH (short pulse) Brs IN MHZ” 
THEN INPUT Brs : PRINT : PRINT * 7. Brs=";Brs;"MH2" : GOTO 760 
THEN PRINT : PRINT “ ENTER THE ANTENNA SCAN FREQ. Wm IN RPM" 
THEN INPUT Wm: PRINT : PRINT ” 6 Wm=";wm;"R.P.M” : GOTO 760 
THEN PRINT) PRINT “ENTER THE AZIMUTH SBEAMWIDTH A.B IN Deg.” 
THEN INPUT A.B: PRINT: PRINT "9. A4.8=";4.8;°Ceg.": GOTO 760 


pire: 


700 
710 
720 
730 
740 
790 
760 
770 
760 
790 
800 


510 
320 
830 
840 
630 
B60 
870 
660 
890 
900 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1630 
1O40 


IF C$="10" THENPRINT : PRINT “ ENTER THE ELEVATION BEAMWIDTH E.B IN Deg. 
IF C$="10" THEN INPUT E.8: PRINT : PRINT ~ 10. E.B=";£.B;"Deg.” : GOTO 760 

IF C$="11"° THEN PRINT : PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE Ta INKELVIN" 
IF C$="11° THEN INPUT Ta: PRINT : PRINT “ 11. Ta=";Ta;“KELVIN” : GOTO 760 
IF C$="12" THEN PRINT: PRINT “ ENTER THE FALSE ALARM PROBABILITY Pra” 
IF C$="12" THEN INPUT Pfe: PRINT: PRINT ~ 12. Pfa= “;Pfa;: GOTO 760 
PRINT : PRINT “ IS EVERYTHING 0.K NOW?" 

INPUT B$ 

IF LEFT$(B$,1)="¥" OR LEFT$(B$,1)="y" THEN 820 


PRINT : PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 
MALAKA™ 
INPUT F$ : GOTO 390 


RETURN 


* Sb 4b Sb db Sb Sb 4 ab Sh 4b Sb ob Sb 4b 4b Sb ab 4b 4b 4b 40 ob Sh 4b 48 4b 46 40 48 ab SE ae 


PRINTS THE INPUT DATA 


* Sh 4b Sb 4b 4h 4b 4b 4b 40 4b SP 4b SE 40 40 4b 40 5b SE 4b 4 40 40 4b 40 40 40 40 40 40 40 ob 


LPRINT : 


LPRINT TAB(30); “ PROBLEM * 1° 


LPRINT TAB(30); “ ---------- 
LPRINT :LPRINT “GIVEN 
LPRINT *---------" 

PRINT: PRINT "GIVEN" 


LPRINT : 
LPRINT : 
LPRINT : 
LPRINT : 
LPRINT : 
LPRINT : 
LPRINT: 
LPRINT : 
LPRINT: 
LPRINT : 
LPRINT : 
LPRINT 

RETURN 


LPRINT “1. f0=":f0;°MH2° TAB(20);” : OPERATING FREQ.” 

LPRINT “2. T1=";TI;"MICSEC.” TAB(20);” : PULSE WIDTH Clong)” 
LPRINT “3. Ts=":T3;"MICSEC.* TAB(20);” : PULSE WIDTH (short)” 
LPRINT “ 4. Pr=";Pr;“KW" TAB(20);” : PEAK OUTPUT POWER" 
LPRINT “5S. fp=";fp;"H2" TAB(20);” : PRO 

LPRINT ° 6. Bri=";Brl;"MH2°T AB(20);” : BANDWIDTH (long pulse)” 
LPRINT “7. 8rs=";Brs;°MH2” TAB(20);" : BANDWIDTH (short pulse)” 
LPRINT ~ 8. Wm=";Wwm;°R.P.I TAB(20);”: ANTENNA SCAN FREQ.” 
LPRINT ° 9. A.B=";4.B;"Deg.” TAB(20);": AZIMUTH BEAMWIDTH" 
LPRINT “ 10.€.B=";£.B;"Deg.” TAB(20);* : ELEVATION BEAMWIDTH" 
LPRINT * 11. Ta=":Ta;KELYIN® TAB(20);": ANTENNA NOISE TEMPERATURE” 
LPRINT “ 12. Pfa=";Pfa: TAB(20);°: FALSE ALARMPROBASILITY” 


eS, 


| OSL 6% Se Ae Ee Ee Ee SE AE Se Se SE SE SE SE Se SE SE SE SE SE SE SE SE SE SE SE at SE Se SE SE OE 4 OE Se at HO 4 At 


1060 © CALCULATION & PRINTOUT FOR PART 6 

1 CTC 6 Se Ae ee Ae EAE Ae HE AE Ee ee Be ee Ee Be EE Ae HE EE ae ee He Oe HE Oe ot 

1080 PRINT: PRINT: PRINT “ PART @:° 

1090 PRIN “sss2se- ° 

1100 LPRINT:LPRINT: LPRINT “ PART a: 

LO ee RINT eee ae : 

1120 PRINT: PRINT “ ENTER RADAR’S CROSS SECTION OF TARGET Say IN 89.m~ 

1130 INPUT S 

1140 PRINT :PRINT “ ENTER THE PROBABILITY OF DETECTION Pd” 

1150 INPUT Pd 

1160 PRINT: PRINT “ ENTER THE RECEIVER'S NOISE FIGURE F1 IN db” 

1170 INPUT FI 

1180 LET n=CINT(A.B*1p*60/(360*Wm)) 

1190 PRINT : PRINT ” FROM Fig. 2.8(a) (SKOLNIK Pg.31) YOU CANFIND THE INTEGRATION IMR. 
FACTOR li(n) IN db" 

1200 PRINT: PRINT ~ SINCE YOU KNOW =” 

1210 PRINT: PRINT * (a). n=A.B*1p*60/(360*Wm)=" jn; ~: *OF HITS INTEGRATED" 

1220 PRINT : PRINT “(b). Pd=";Pd; “: PROBABILITY OF DETECTION" 

1230 PRINT :PRINT “ENTER THE INTEGRATION IMR. FACTOR li(n) (numeric velue)” 

1240 INPUT Ii 

1250 PRINT: PRINT “ FROM Fig. 2.7 (SKOLNIK Pg. 28) YOU CAN FIND THE (S/N) 1 IN db 

1260 PRINT: PRINT “ENTER THE (S/N)1 IN db” 


1270 INPUT A 

1280 LET TOQ=290 "KELYIN 

1250 LET K=1.360"107-25 ‘BOLT ZMAN'S CONSTANT 
1300 LET P1=3.14159 

1310: LEV G25 e033 ‘m/s 

1320 LET 10=f0*10°6 ‘convertion from MHz to Hz 
1330 LET Bri=Bri*10°6 ‘convertion from MHz to Hz 
1540 LET Pr=Pr*10°3 ‘convertion from MW to W 
1350 LET 1=C/f0 ‘m/s 

1360 LET G=41256\/(4 57-26) ‘ANTENNA GAIN 

1370 LET Ae=1°2*G/(4*P 1) ‘antenna effective aperture 


13d0 (LEV FZ=F 17 1o- eso o pe 


180 


{390 LET Te=(F3-1)*TO 

1400 LET B=K*TO*(Ta+Te)*Brl/290 

1410 LETAI=A/10: A2=10°A 1 

1420 LET R=CSNG(SOR(SQR(Pr*G*Ae*S*11/((4*P1)°2*B*A2)))) ‘long pulse 

1430 LET RI=CSNG(R*(175)°(1/4)) ‘short pulse 

1450 PRINT : PRINT ~ I (a). 
R=Pr*G*Ae*Sayv*n@Ei(n)/((4*Pl) 2*K*(Ta+Te)*Brl *(S/N)max.)°C1/4)=";R/ 1 000,KM" > 
MAX. DETECTION RANGE FOR THE LONG PULSE” 

14660 PRINT: PRINT ~ 2(a). R1=R*(1/5)°(1 7 4)="-R1/1000;°KM"; > :>MAX RANGE FORTHE SHORT 
PULSE™ 

1470 LPRINT:LPRINT ~ 1(a). 
R=Pr*G*Ae*Sayv*n*Ei(n)/((4*P1)2*K(T a+T e)*Brl *(S/N)max.) (1 /4)=";R/ 1000°KM";” 
MAX. DETECTION RANGE FOR THE LONG PULSE” 

1480 LPRINT:LPRINT ~ 2(a).R1=R*(1/5)°C1/4)=";R1/1000;°KM"; *: MAXRANGE FOR THE SHORT 
PULSE” 

1490 RETURN 


j S CL te ae He ee Ae Se ae ee Se He SE ae Oe He He He at ae HO 50 5h 40 46 40 58 40 48 40 8 


1510 © CALCULATIONS PRINTOUT FOR PART b: 

] 5 OO ee ee ee ee ee He Se Se Se HE AE SE SE ee SO ae SE SE SE He HE SE OE 

1530 PRINT: PRINT: PRINT “ PART b:” 

PSslenein: --~--"~ ” 

1550 LPRINT:LPRINT: LPRINT “ PART By 

fee EPRINT “------- ” 

1S7O LET Ru=CSNG(C/(2*fp)) 

1560 PRINT :PRINT “ 1(b). Ru=";Ru/1000;"KrT" “: MAX. UNAMBIGUOUS RANGE” 
1590 LPRINT: LPRINT* 1(b). Ru=";Ru/1000;"K>M" “: MAX. UNAMBIGUOUS RANGE” 
1600 RETURN 


| 6 | (3 tt at et 50 at 50 ae 30 at At a ae at ae at ae ae St a He a ae 8 a at a 


1620 * CALCULATION& PRINTOUT FOR PART c: 

1G SQL Se Me He Ae Bee Se He Se Se Se Se St Se Se SE HE Se HE SE HEE ESE HEE Se a HE OE Se SO Ot 

1640 PRINT: PRINT: PRINT “PART c:” 

iaa0) PRINT “ ------- : 

1660 LPRINT:LPRINT :LPRINT “PART c: 

PeyeeePRint ~------- : 

1680 PRINT: PRINT “ENTER THE RADAR CROSS SECTION IN dbsm* 


one 


1690 INPUT Slav 

1700 LET R2=CSNG(R/ 1000* 101 /4)) 

1710 PRINT :PRINT “ t(c). R2= 10% 1/4)*R=";R2;"KM"; “RANGE AT WHICHTHE AIRCRAFT WILL BE 
DETECTED FORR.C.S= 10sq.m&FORTHE LONG PULSE” 

1720 LPRINT:LPRINT” I(c). R2=107%174)*R=";R2>°KM"; ” RANGE AT WHICH THE AIRCRAFT W'LL BE 
DETECTED FORR.C.S=10sq.m&FORTHELONG PULSE” 

1730 RETURN 


| FAL) te ae ae Ae ee He ae ee St 48 5t 48 50 ae 40 8 4b Oe 40 ae 4b HO SO ae 40 ae SO a 4 oe 


1750 * CALCULATIONS PRINTOUT FOR PART d: 

] Via) 0 Mehakeliak chal eRakelekelakeRaketekelisleteReeeialieteReieietsheteeiahel 

1770 PRINT : PRINT: PRINT “PART d:° 

1780 PRINT ” ------- : 

1790 LPRINT:LPRINT:LPRINT “PART d:” 

1800 LPRINT *------- : 

1810 PRINT: PRINT ° ENTER THE RADAR ANTENNA HEIGHT ABOVE THE SEA hI IN ft” 

1820 INPUT hI 

1830 LET h2=(R2/ 1.6 1-SOR(2"n1))°2 

1840 LET h2=CSNG(h2/2) 

1850 PRINT: PRINT * 1(d).n2=R2(mi)-SQR(2*h 1 (1t)))/2=":h2;" ft"; "MIN. ALTITUDE AT WHICH 
THE RADAR CAN SEE THE TARGET" 

1860 LPRINT :LPRINT * 1(d). (h2=R2(m1)-SOQR(2*h 1 (1t)))/2="h2;"1t"; “: MIN. ALTITUDE AT WHICH 
THE RADAR CAN SEE THE TARGET” 

1870 RETURN 


| BBO tee ee ee Sab SB 38 48 46 4b Sb Sk ab He 48 Sb ab SE a8 SE at Sb Ob Se a 4b 48 38 at Se 


1890 © CALCULATION& PRINTOUT FOR PART e: 

] SOL ee et Ae te ee St ae St ae St ae at He He ee Ee Het et 

1910 PRINT : PRINT: PRINT “ PART e:” 

[920 -RRIN sercos. : 

1930 LPRINT:LPRINT: LPRINT “ PART e:” 

S40" CERIN ==-=--— : 

1950 PRINT : PRINT “ ENTER THE CIRCULARY POLARIZED ANTENNA’S GAIN GOIN db” 
1960 INPUT GO 

(S70 LEV 6 l=G0/ G2 62-0161 

1$8Q PRINT: PRINT “ ENTER THE TOTAL SYSTEMLOSSES Ls IN db” 
1990 INPUT Ls 


Ete: 2 


2000 LETLst=Ls/10:Ls2=10°L3!1 

20 1O0P=Pr*G*1°2"*G2/((4*P1)°2*(R2* 1000)°2*LS2) 

2020 LET P=CSNG(10*.4342945**LOG(P)+30) 

POSOerRING ;PRINT ~ 1(e). P=Pr*G*12*G2/((4*PI)°2*R2°2*Ls)=";P;"dbm";” :SINGLE PULSE POWER 
AT THEANTENNA TERMINALS OUTPUT” 

2040 LPRINT:LPRINT™ 1€e).P=Pr*G*1°2*G2/((4*P1)°2*R2°2*L5)=";P;"dbm";”: SINGLE PULSE 
POWER AT THE ANTENNATERMINALS OUT PUT” 

2050 RETURN 


910 |n| 8 MchatiehahelahetalishetelickelahahelisheMeliatetelelieReliaRehetieheliicieReialial 


2070 * CALCULATION& PRINTOUT FOR PART I: 

DPOBO' BH MH M5 5 5 Se Bt Se Se SE Se ae St St He Oe at Se St SE SE OE OO Oe Ht St St Ot Ot SE St 

2090 PRINT: PRINT: PRINT “PART f:° 

2100 PRINT *------- ; 

2110 LPRINT:LPRINT :LPRINT * PART f:” 

2120 LPRINT “------- 

2130 LET K1=1640 

2140 LET K2=400 

2150 LET TI=TI*10*-6 

2160 LETCf=4/(1+(1/0T1*Br1))°2)*¢fp/K 1)°C173) 

ZITO LETCH 1 =4/7( 1401/71 *Brl))°2)*(fp/K2)°(1 73) 

2180 LET Cf=CSNG(10*.4342945**LOG(CL)) 

2190 LET Cf 1=CSNG(10*.4342945**LOG(CT1)) 

2200 PRINT :PRINT * 1¢1). Cf=4/(1+€1 A(TI*Brl))°2)*(fp*K)'(1/3)=";C1;"db"; ” : CAMOUFLAGE 
FACTORFORK=";K | 

2210 PRINT: PRINT °2(f).Ctl=d/(1+C1/(TI*Bri))°2)*(fp*k)' (1 73)=":C7 1 ab"; " : CAMOUFLAGE 
FACTOR FORK=";K2 

2220 LPRINT:LPRINT” 1(1).Cf=4/(1+#(1 /(T1*Br1))°2) *(fp*K)°(1/3)="5Cf "db"; ": CAMOUFLAGE 
FACTORFORK=";K | 

2230 LPRINT:LPRINT ~ 2(1).Cf 1=4/¢1+¢1 A(TI*Br1))°2)*(1p*K) {1/3)=";C1 1 "db"; ": CAMOUFLAGE 
FACTOR FORK=":K2 

2240 RETURN 


Vai ha) 0 WiakeRelieRahetehetisitehehatetehehetekeleltel tb He te SE Ot SE th oe tt Oe Hb ae th a 


2260 © CALCULATION& PRINTOUT FOR PART g: 


Taw TD Fe Ae ee HE He Ae ee He St A SE HE te Ee tt it A Ht +t 48 4h 46 48 48 48 


2200 PRINT: PRINT: PRINT “ PART g:° 


deco: 


2290 PRINT °------- ; 

2300 LPRINT:LPRINT : LPRINT “PART g:” 

2310 LPRINT “------- ; 

2320 PRINT: PRINT “ ENTER THE VALUE OF THE S/J IN db” 

2330 INPUT C1:C2=C1/10:C3=10°C2 

2340 PRINT : PRINT“ ENTER THE BURNTHROUGH RANGE Rb INn.miles” 

2350 INPUT Rb 

2360 LETRb=Rb*1.85*10°3 

2370 PRINT: PRINT ” ENTER THE THE FREQ. Br IN MH2 THE JAMMER TRANSMITS” 

2380 INPUT Br : Br=Br*10°6 

2390 PRINT: PRINT “ ENTER THE GAIN OF THE JAMMING ANTENNA Gj IN db” 

2400 iNPLT GJ :Cpl=Cj/i0 . Cj2=10°Cj1 

241CPJ=CSNG(Pr*G*S lav*Ls2"*C3/(4*PI*Rb'2*Brl*Cj2)) 

242CP | 1=CSNG(Pr*G*S lav*Ls2*C3/(4*Pl*Rb2*Br*Cj2)) 

2430 PRINT :PRINT ” 1(g).Pj=Pr*G*Sav*Lo*(S/J)/(4*P | *Rb°2*Brl*Cj)=";Pj*10°6;"W/MHz"; *: 
JAMMER OUTPUT POWER FORLONG PULSE” 

2440 PRINT :PRINT “ 2(g).Pj=Pr*G*Sev*Ls*(S/J)/(4*PI*RbD°2*Br*C j=" :Pj 1*10°6;"W/MH2"; *: 
JAMMEROUTPUT POWERFORBr="Br/ 10°6;"MHz 

2450 LPRINT :LPRINT * 1(g).PJ=Pr*G*Sav*Ls*(S/J)/(4*P1*Rb°2*Brl*Cj)=";Pj*10°6;"W/MH2";”: 
JAMMER OUTPUT POWER FORLONG PULSE” 

2460 LPRINT :LPRINT* 2(q). Pj=Pr*G*Sav*Ls*(S/J3/(4*PI*RD-2*Br“C j=" Pj i* 1076; W/MHZ; *: 
JAMMER OUTPUT POWERFORBr="Br/ 10°6;"MHz 

2470 RETURN 


PROGeeiie | 





GIVEN 

1. 1025600 MHZ : OPERATING FREQ. 

2. Tl= 1.3 MICSEC. : PULSE WIDTH (long) 

3. Ts=.25 MICSEC. : PULSE WIDTH (short) 

4. Pr= 200 KW : PEAK QUTPUT POWER 

5. fp=- 650 Hz or Ae 

6. Bri= 1 MH2 : BANDWIDTH (long pulse) 
Femeue= 5 MHZ : BANDWIDTH (short pulse) 
8. Wm=16R.P.M :ANTENNA SCAN FREQ. 


9. AB=1.5Deg. : AZIMUTH BEAMWIDTH 

1Q.E.B= 140eg. : ELEVATION BEAMWIDTH 
11.Ta=7S KELVIN : ANTENNA NOISE TEMPERATURE 
12. Pfa= 1E-11 > FALSE ALARM PROBABILITY 


“U 


ART 8: 

l(a). R=Pr*G*Ae*Sav*n*Ei(n)/((4*PI)2*K *(TatTe)*Brl *(S/Nymax Cl /d=47. 972K Max 
DETECTION RANGE FOR THE LONG PULSE 

2(a). R 1=R¥*(1/5)*C1/4)= 32.0808 KM: MAX RANGE FORTHE SHORT PULSE 





PART b: 
1(b).Ru= 230.769 KM: MAX. UNAMBIGUOUS RANGE 





Uv 


ART ¢c: 
I{c). R2=10°(1/4)*R= 85.3076 KMRANGE AT WHICH THE AIRCRAFT WILL BE DETECTED FOR 
R.C.S=lO0sq.m& FOR THELONG PULSE 





D 


ART d: 
1(d). h2=R2(mi)-SOR(2 *h 10ft)))/2=- 923.902 ft: MIN. ALTITUDE AT WHICH TKE RADAR CAN SEE 
THET ARGET 





Jiveys) 


PART @: 
1 (e).P=Pr*G*1°2*G2/((4*P 1)°2*R2°2*Ls)=-33.0829dbm :SINGLE PULSE POWER ATTHE 
ANTENNATERMINALS OUTPUT 


Parice 
16f). Cfa4/ C1 eCi CTV * Bri) 2) *Cfp*kK C1 /3)=2.66218 db: CAMOUFLAGE FACTORFORK= 1640 
2(7). Cf 124/¢14+C1/(T1®Br1))2)*(fp*k) X 1/3)=4.70479 db: CAMOUFLAGE FACTORFOR K= 400 





PART g: 

| (g). Pj=Pr*G*Sav*Lo*(S/J5)/(4*Pl*Rb°2*Bri*Cj)-5.76344W/MH2 ‘-JAMMEROQUTPUT POWER 
FOR LONG PULSE 

7A) 13 =Pr*G*Sav*Ls*(S/J)/(4"P|*RbD'2*Br*C j=. 192115 W/MH2:JAMMER OUTPUT POWERFOR 
Br= 20 MH2 


10 
20 
30 
AD 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 


PRINT : PRINT TAB(30}" PROBLEM #2° 

Pcie an(50)2> ====----== : 

GOSUB 100: GOSUB 530 : GOSUB 690 

GOSUB 840 : GOSUB 950: GOSUB 1060 

PRINT : PRINT “ DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT D$ 

IF LEFT$(D$,1)="¥" OR LEFT$(D$, 1)="y" THEN 30 

END 


* 5h 4b Sb 4b Sb 4b Sh 4b 40 4b 46 4b 46 4b 40 4b 56 Hb O6 4b 46 Sb 40 4b 40 46 40 4b 48 4 48 4G 


INPUTS THE DATA 


* 3h 4b Sh 4b 4b 46 4b 4b SO 4b 6 4b 46 4b 46 4b 40 4b 38 4b 40 46 8 4b 8 4b 40 4 40 4b 28 HO 


PRINT : PRINT “ ENTER THE OPERATING FREQ. fO IN MH2 ~ 
INPUT fO: PRINT : PRINT ° 1. f0=";f0;°MH2 ° 
PRINT: PRINT “ENTER THE DIMENSIONS OF THE RECTANGULAR TRANSMIT ANTENNA d1 G2 


IN METERS © 


150 
160 
170 
180 
190 
200 
210 
220 
250 
240 
Zo0 
260 
270 
250 
290 
300 
310 
320 
See, 
340 


INPUT d1,d2:PRINT : PRINT "2. d1xd2="d1 °x" d2 "mM 
PRINT : PRINT “ ENTER THE *OF ELEMENTS OF THE RECT. ARRAY, TRANSMIT ANTENNA N “ 
INPUT NI: PRINT: PRINT ~ 3. N=":N1 
PRINT : PRINT “ ENTER THE ILLUMINATION EFFICIENCY OF THE ARRAY Rr’ 

INPUT Rr: PRINT : PRINT “4. Rr=":Rr 

PRINT : PRINT “ ENTER THE TOTAL LOSSES Ls (feed & phase shifter) IN db” 
INPUT Ls: PRINT : PRINT ” 5. Ls=";L$;"db" 

PRINT : PRINT “1S THE INPUT DATA CORRECT Y/N?" 

INPUT A$ 

IF LEFT$(A$,1)="¥" OR LEFT$(A$,1)="y" THEN 500 

IF A$="y° THEN 1041 

IF A$="N" THEN PRINT ~ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 
IF A$="n° THEN PRINT ~ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 
PRINT : PRINT * 1. THE OPERATING FREQ.?° 

PRINT : PRINT ” 2. THE DIMENSIONS OF THE RECT.ARRAY?™ 

PRINT : PRINT ” 3. “OF THE ELEMENTS?" 

PRINT :PRINT ~ 4. ILLUMINATION EFFICIENCY?” 

PRINT : PRINT “5. THE TOTAL LOSSES?” 

INPUT C$ 

IF C$="1" THEN PRINT: PRINT “ ENTER THE OPERATING FREQ. fO IN MH2” 


Pow 


350 «IF C$="1° THEN INPUT £0: PRINT: PRINT ~ 1. [0=";10;°MH2" : GOTO 440 

360 IF C$="2" THEN PRINT: PRINT “ ENTER THE DIMENSIONS OF THE RECT. TRANSMIT 
ANTENNA G1 ,d2 INMETERS” 

370 IF C$="2" THEN INPUT di,d2: PRINT : PRINT ° 2. dixd2="di “x"d2“m" : GOTO ddn 

360 IF C$="3" THEN PRINT: PRINT ” ENTER THE “OF ELEMENTS OF THE RECT. 
ARRAY TRANSMIT ANTENNAN™ 

390 «IF C$="3" THEN INPUT NI: PRINT: PRINT “3. N=";N1 : GOTO 440 

4060 IF C$="4" THENPRINT: PRINT ~ ENTER THE ILLUMINATION EFFICIENCY OF THE ARRAY Rr“ 

410 IF C$="4" THEN INPUT Rr: PRINT: PRINT ” 4. Rr=":Rr : GOTO 440 

420 IF C$="5° THEN PRINT: PRINT “ENTER THE TOTAL LOSSES Ls (feed & phase shifter) IN 
db" 

430 IF C$="5" THEN INPUT Ls: PRINT: PRINT “S. Ls=";L3;"db" : GOTO 440 

440 PRINT: PRINT “ IS EVERYTHING O.K NOW?” 

450 INPUT BS 

460 IFLEFT$(B$,1)="Y" OR LEFT$(B$,1)="y" THEN 500 

470 PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

480 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 
MALAKA” 

490 INPUTF$ :GOTO 280 

S00 RETURN 


5 | 0 * SE Sb SE 3b 4B Sb Se ab 4 4b He 4b SO tb SO 4b SO 4h SO 46 SO dO 4h dO SO OO 28 56 28 4b O8 3G 


520 PRINTS THE INPUT DATA 

S5tz0 * Sh Sb SE 4h SE 4 SE 4h 58 4h Sk 4h He ae Se 56 58 4b SA op Se ae SE 4 Sk ep Oe a Sk ae Oh 

540 LPRINT:LPRINT TAB(30); ° PROBLEM *2° 

550 LPRINT TAB(30); * ---------- : 

560 LPRINT:LPRINT “GIVEN 

570 LPRINT  =-------- : 

560 LPRINT:LPRINT “ 1. fO=";f0;"MH2" TAB(20)” : OPERATING FREQ.” 

990 LPRINT : LPRINT ~ 2. dixd2="d1 "x" d2 “ m” TAB(20); ~: DIMENSIONS OF THE ARRAY 
ANTENNA” 

600 LPRINT:LPRINT “3. N=";N1 TAB(20);” : “OF ELEMENTS OF THE ARRAY ANTENNA” 

610 LPRINT:LPRINT * 4. Rr=":Rr TAB(20). “: ILLUMINATION EFF. OF THE ARRAY" 

620 LPRINT:LPRINT “5S. Ls=":Ls;"db" TAB(20); *: TOTAL LOSSES (feed& phase shifter)” 

570 RETURN 


630 “SE 4 Ae te Ae Se et Ae Sb tt te Ae SO et St et St dt Bb it SO et ek 3b dt Ok ie OF id 3h ik as ad os 
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690 ° CALCULATION& PRINTOUT FOR PART 4: 

FOC 17 2 ee Ae ee Ae Ae a ae ee Ae He ee Oe 2 ae Ee ee Be ae AE ae OE SE Oe Ht ae OE A 2 

710 PRINT: PRINT : PRINT “PART a:° 

Pema RiN| ------- : 

emer e NT uc RINs ¢LPRINT “ PART @: 

ewe LeRINT “ ------- : 

750 «LET Ls1i=!0%-Ls/10) : A=d!1*d2 

760 «LET Ae=Rr*LsI*A : Pl=3.14159 

7a LET C=35*10'6 : fO-10%10°6 

780 LET 1=C/f0 : Gp=-CSNG(4*P1*Ae/(12)) 

790 LET Gp1=CSNG(10*.434294S5**LOG(Gp)) 

B00 PRINT:PRINT * 1(a). Gp=4*P1*Ae/(1°2)=":Gp;” numeric’; or’;Gpt;"db"; ~: POWER GAIN” 
B10 LPRINT: LPRINT * {(a). Gp=4*PI*Ae/(12)=":Gp;° numeric®’;” or*:Gpt;“db"; °: POWER GAIN" 
620 RETURN 


= 10 ek Rehelek Mek tek Mek Mek Nek tek Mek tek teeth tek Rk tek Bek tek Bekele! 


640 ° CALCULATION & PRINTOUT FOR PART b: 

BS O° a Ae ae at ae See te ae te ae A Ae A SE Ae Se Se Se SE Ae SE SE SE SE SE ae SE OP Se OE SE He SE 8 SE 48 

660 PRINT :PRINT : PRINT ~ PART b:° 

Bee PRINT -------" 

880 LPRINT:LPRINT : LPRINT “ PART b:” 

BZepeLPRINT © ------- 7 

900 LET TH=CSNG(SQR(412501/(Gp/Ls 1))) 

910 PRINT :PRINT ~ 1(b). TH=SQR(412501/(Gp/Ls 1))=":TH;"Deg.”; * : BEAMWIDTH" 
920 LPRINT: LPRINT“ t(b). TH=SQR(412501/(Gp/Lst))=";TH;"Deg.”; °: BEAMWIDTH" 
930 RETURN 


DAC) * 6 22 Ae Ae At 0 Ae 40 at ot ae at 0 0 Ae 48 40 0 He He Ae At AO ot at ot AO Pt Bt a8 A SP 8 ae 20 40 30 at 


950 ~° CALCULATION & PRINTOUT FOR PART c: 


GEC “2 Ae ee Ae Ae ee Ae et Ae te He ae 8 ae ee ae SE TE A EE Ae Ae A He SO AE See A ie HO He 


970 PRINT: PRINT : PRINT ~ PART c:” 


990 LPRINT:LPRINT: LPRINT “PART c:" 

1000 LPRINT *------- : 

1010 LET d=CSNG(d1/SOR(N1)) 

1020 PRINT: PRINT” {(c).ded1/SQR{N t)=":d: ": SPACING BETWEEN ELEMENTS” 
{030 LPRINT: LPRINT” 1(c).d=d1/SQR(N 1)=";d; “: SPACING BET WEEN ELEMENTS" 


1040 RETURN 


| O Sf tt ee 9 8 4 20 Se 8 BE SE Se SP Eb ED SE BEE BE BE Oe OP SE SE 3 OE 


1066 © CALCULATION & PRINTOUT FOR PART a: 

1 OT CY 0 A Ae aE ae ae ae a eae aE ae a a ee a aE ee a ae ae at ea at a 

1080 PRINT: PRINT: PRINT “PART d:° 

1OSO" PRINT ==-ss5= j 

1100 LPRINT:LPRINT : LPRINT © PART d: 

INO TERING ~==S2-2— ° 

1120 LET Gdel=CSNG(12795/N1) 

| 130 LET Gdel 1=CSNG(10*.4342945**L_OG(Gdel)) 

1140 PRINT:PRINT ” {(d). Gdel=-Gderray/Gdgroup=";Gdel;“numeric”;” or” ;Gdel1;“db*;*: 
DIRECTIVE GAIN OF AN ELEMENT” 

1150 LPRINT: LPRINT * 1(d). Gdel=Gdarray/Gdgroup=";Gdel;“numeric’;” or”;Gdel!;"db";”: 
DIRECTIVE GAIN OF AN ELEMENT” 
1160 RETURN 
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PROBleie 2 


GIVEN 

1. 10= 442 MH2 : OPERATING FREQ. 

2. d1ixd2= 26.9%26.9 m : DIMENSIONS OF THE ARRAY ANTENNA 
3.N= 5184 : “OF ELEMENTS OF THE ARRAY ANTENNA 
4.Rr= .65 > ILLUMINATION EFF. OF THE ARRAY 
5.Ls= 1.8 db : TOTAL LOSSES (feed & phase shifter) 
PART a: 





i(a). Gp=4*Pi*Ae/(1°2)= 8476.75 numeric or 39.2823 db: POWER GAIN 


PART b: 
1(b). TH=SQR(41 2501/(Gp/Ls 1 ))= 1.79307 Deg. :BEAMWIDTH 


PART C: 
I(c). d=d 1/SQR(N 1 )=.373611 : SPACING BET WEEN ELEMENTS 





PART a: 
1(d). Gdel=Gderray/Gdcroup= 2.46817 numeric of 3.92375 db :DIRECTIVE GAIN OF ANELEMENT 





isi 


10 
20 
30 


50 

60 

70 

80 

90 

100 
120 
130 
140 
150 
160 
170 
160 
190 
200 
210 
220 
2350 
240 
290 
260 
270 
280 
290 
300 
310 
320 
330 
340 
520 


260 


PRINT : PRINT TAB(30) “ PROBLEM #3" 
PRINT TAB(30); * -------- 

GOSUB 100 : GOSUB 1170 

GOSUB 1430 : GOSUB 1590 

PRINT : PRINT ” DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT D$ 

IF LEFT$(D$, 1)="Y" OR LEFT$(D$, 1)="y" THEN 30 
END 


* Sb 46 Sh 40 Sb 4b SO 4b Sb 40 SE 40 40 4b Sb 26 SO 4b 40 4b 40 40 SO 40 50 40 40 4b Ob 48 50 3h 


INPUTS THE DATA 


* Sh 4b 5b 46 38 46 38 26 8 4b 38 4b 8 ob 38 36 8 4b Ob 4b OB 46 36 OB op 46 36 4b 48 48 oh 


PRINT : PRINT “ ENTER THE OUTPUT PEAK POWER Pt IN W" 
INPUT Pt: PRINT : PRINT” 1. Pt=";Pt;"w" 

PRINT : PRINT “ ENTER THE BORESIGHT ANTENNA GAIN Gt IN db” 
INPUT Gt: PRINT : PRINT ° 2. Gt=";Gt;"db° 

PRINT : PRINT “ ENTER THE OPERATING FREQ. £0 in GH2° 

INPUT fO: PRINT: PRINT ~ 3. f0=";f0;"GH2" 

PRINT : PRINT “ ENTER THE RF LOSSES Lp IN db” 

INPUT Lp: PRINT: PRINT © 4. Lp=";Lp;"db" 

PRINT :PRINT “ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MH2° 
INPUT Bn: PRINT : PRINT ° 5. Bn=";Bn;“MH2° 

PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db° 
INPUT F : PRINT : PRINT “6. F=";1;"db" 

PRINT : PRINT “ ENTER THE PULSE WIDTH T IN ns” 

INPUT T : PRINT : PRINT ° 7. T=";T;"ns” 

PRINT : PRINT “ ENTER THE P.R.F fp IN KH2™ 

INPUT fp: PRINT: PRINT © &. fp=";fp;"KH2° 

PRINT : PRINT “ ENTER THE INTEGRATION TIME Ti IN msec.” 
INPUT T1: PRINT : PRINT © 9. Ti=";Ti-“msec.” 

PRINT : PRINT “ ENTER THE WEATHER ATTENUATION At IN db/KM” 
INPUT At: PRINT: PRINT ° 10. At=";At;“db/KM" 

PRINT : PRINT “ ENTER THE SKY TEMPERATURE Ta IN KELVIN™ 
INPUT Ta: PRINT : PRINT ~ 11. Ta=";Ta;" KELVIN" 

PRINT: PRINT “ ENTER THE TARGET RCS IN dbsm” 

INPUT RCS: PRINT: PRINT ~ 12. RCS=":RCS-“dbsm" 


Eo 


370 
380 
390 
400 
4/0 
420 
430 
440 
450 
460 
470 
480 
490 
300 
319 
520 
3350 
340 
390 
360 
370 
980 
590 
600 
610 
620 
630 
640 
650 
660 
670 
680 
690 
700 
710 


PRINT : PRINT “ ENTER THE DEG. OF THE PENCIL BEAM PB (part b)” 
INPUT PB: PRINT : PRINT ° 13. PB=";PB;"Deg.” 

PRINT : PRINT ~ ENTER THE (J/S) JS IN db (part b)° 

INPUT JS: PRINT : PRINT * 14. (J/S)=";US;"db" 

PRINT : PRINT “ ENTER THE RANGE R IN KM (part c)° 

INPUT R: PRINT : PRINT * 15. R=";R;"KM" 

PRINT : PRINT ” ENTER THE RF LOSSES RFL IN db (pert d)” 

INPUT RFL: PRINT : PRINT © 16. RFL=";RFL;“db" 

PRINT : PRINT “ ENTER THE ILLUMINATION EFFICIENCY ri (part d)" 
INPUT 1: PRINT: PRINT ° 17. t="jr 

PRINT : PRINT “ ENTER THE CROSSOVER LOSSE Lco IN db" 

INPUT Loo: PRINT : PRINT * 18. Lco=";Lco;"db" 

PRINT : PRINT “1S THE INPUT DATA CORRECT Y/N?" 

INPUT A$ 

IF LEFT$(A$,1)="¥" OR LEFT$(A$, 1)="y° THEN 1150 

PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?" 


PRINT 
PRINT 


PRINT 


> PRINT “ 1. OUTPUT PEAK POWER?” 

> PRINT ~ 2. THE BORESIGHT ANTENNA GAIN?” 
PRINT : 
PRINT : 
PRINT: 
PRINT : 
PRINT : 
PRINT : 
PRINT : 
PRINT : 
PRINT : 
PRINT : 
PRINT : 


PRINT © 3. THE OPERATING FREQ.?7° 

PRINT © 4. THE RF LOSSES?” 

PRINT © 5. THE RECEIVER'S NOISE BANDWIDTH?" 
PRINT ~ 6. THE RECEIVER'S NOISE FIGURE?” 
PRINT “ 7. THE PULSE WIDTH?” 

PRINT ~ 8. THE P.R.F?™ 

PRINT ~ 9. THE INTEGRATION TIME?” 

PRINT © 10. THE WEATHER ATTENUATION?™ 
PRINT ~ 11. THE SKY TEMPERATURE?” 
PRINT “ 12. THE TARGETS RCS?” 

PRINT “ 13. THE PENCIL BEAMWIDTH?" 


: PRINT “ 14. THE (J/5) RATIO?” 
PRINT : 
PRINT : 
PRINT : 
PRINT : 


PRINT “ 15. THE RANGE?” 

PRINT” 16. THE RF LOSSES for part c?” 
PRINT © 17. THE ILLUMINATIONEFFICIENCY?” 
PRINT ~ 18. THE CROSSOVER LOSS?” 


INPUT C$ 


is 


720 
730 
740 
730 
760 
770 
780 
790 
B00 
820 
830 
B40 
850 
660 
870 
Be0 
690 
300 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
id7O 


[Coan 
IF G$="1" 
ie Cel 
IF C$<°2" 
i eon 
Vege 
IF C$="4" 
IF C$="4" 
FCS =h ok 
IF C$=°5" 
IF C$="6" 
IF C42 6° 
pe er 
gen 
IF C$="8" 
tye cs 
IF C$="9" 
[FF Go=agr 


TF ee G8 
[FE G=a1Gs 
[Fese 11 
delet 
IF €$3° 12° 
IF C$=° 12° 
peels: 
Tp eee (le 
IF C$="14" 
IF G$s 14° 
IF Go= se 
[EGS-alor 
IF C$=" 16" 
IF C$="16" 


THEN PRINT : PRINT “ ENTER THE OUTPUT PEAK POWER Pt IN WW" 

THEN INPUT Pt: PRINT: PRINT © 1.Pt=";Pt;Ww : GOTO 1090 

THEN PRINT : PRINT “ ENTER THE BORESIGHT ANTENNA GAIN Gt IN dbo 
THEN INPUT Gt: PRINT : PRINT “ 2. Gt=";Gt;"db° : GOTO 1090 

THEN PRINT : PRINT ° ENTER THE OPERATING FREQ. 10 in GH2° 

THEN INPUT f0: PRINT: PRINT “3. f0=°;10;°"GH2": GOTO 1090 

THEN PRINT : PRINT “ ENTER THE RF LOSSES Lp IN db” 

THEN INPUT Lp: PRINT : PRINT © 4. Lp=";Lp;“db° : GOTO 1090 

THEN PRINT : PRINT “ ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MH2™ 
THEN INPUT Bn: PRINT : PRINT © 5. Bn=";Bn;“MH2° : GOTO 1090 

THEN PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db” 
THEN INPUT F : PRINT: PRINT ° 6. F=";f;"db": GOTO 1090 

THEN PRINT : PRINT ~ ENTER THE PULSE WIDTHT INns” 

THEN INPUT T: PRINT : PRINT ~ 7. T=";T;"ns°" : GOTO 1090 

THEN PRINT : PRINT “ ENTER THE P.R.F fp IN KH2° 

THEN INPUT fp: PRINT: PRINT ° 8. fp=";fp;"KH2°: GOTO 1090 

THEN PRINT : PRINT “ ENTER THE INTEGRATION TIME TI IN msec.” 
THEN INPUT T1: PRINT: PRINT “9. Ti=";Ti; msec.” : GOTO 1090 

THEN PRINT : PRINT “ENTER THE WEATHER ATTENUATION At IN db/KM 
THEN INPUT At: PRINT : PRINT ° 10. At=";At;“db/KM" : GOTO 1090 
THEN PRINT : PRINT “ ENTER THE SKY TEMPERATURE Ta IN KELVIN" 
THEN INPUT Ta: PRINT : PRINT” 11. Ta=";Ta;“KELVIN": GOTO 1090 
THEN PRINT : PRINT “ ENTER THE TARGET RCS IN dbsm” 

THEN INPUT RCS: PRINT : PRINT “ 12.RCS=";RCS;"dbsm" : GOTO 1990 
THEN PRINT : PRINT “ ENTER THE DEG. OF THE PENCIL BEAM PB (part 5)” 
THEN INPUT PB: PRINT: PRINT ° 13. PB=";PB;"Deg. : GOTO 1090 
THEN PRINT : PRINT “ ENTER THE (J/S) JS IN db (part b)” 

THEN INPUT JS : PRINT : PRINT * 14. (J/5)=":JS;"db" : GOTO 1090 
THEN PRINT : PRINT “ ENTER THE RANGE R IN KM (part c)° 

THEN INPUT R: PRINT : PRINT “ 15. R=";R;"KM" : GOTO 1090 

THEN PRINT : PRINT “ ENTER THE RF LOSSES RFL IN db (part d)° 

THEN INPUT RFL: PRINT : PRINT “ 16. RFL=";RFL;“db° : GOTO 1090 


IF C$="17" THEN PRINT : PRINT “ ENTER THE ILLUMINATION EFFICIENCY ri (pert a) 
IF C$="17" THEN INPUT ri: PRINT: PRINT “17. ri=";ri: GOTO 1090 
IF C$="18" THEN PRINT : PRINT ”“ ENTER THE CROSSOVER LOSSE Lea IN db" 
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1060 IF C$="18° THEN INPUT Lco: PRINT : PRINT ~ 18.Lco=";Lco;"db° : GOTO 1090 
1090 PRINT: PRINT” 1S EVERYTHING 0.K NOW?" 

1100 INPUT B$ 

1110 IF LEFT$(B$, 1)="¥° OR LEFTS(B$,1)="y" THEN 1150 

1120 PRINT: PRINT“ WHAT DO YOU WANT TO CHANGE AGAIN?” 

1130 PRINT: PRINT ” HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR /OU 
MALAKA™ 

1140 INPUTF$ :GOTO530 

1150 RETURN 

1 {60 * 50-4b 50 4 56 46 50 46 56 48 50 4 56 OE SE OE SO SE SE SE SE OE 58 46 58 58 SO SE SO aE SO aE 

1170 PRINTS THE INPUT DATA 

1 180 SOE ER EE EES EET EL ESET ET ERLE SEL SS 

1190 LPRINT : LPRINT TAB(30); ° PROBLEM #3" 

Pee crit | AB(3Q);° ---------- : 

1210 LPRINT:LPRINT “GIVEN 

fae LPRINT © --------- ' 

1230 LPRINT :LPRINT ~ 1. Pt=";Pt;“w° SPC(10);*: OUTPUT PEAK POWER" 

1240 LPRINT : LPRINT ~ 2.Gt=";Gt;"db° SPC(8); “: BORESIGHT ANTENNA GAIN 
1250 LPRINT:LPRINT “3. O=";f0;°GH2" SPC(5);°: OPERATING FREQ.” 

1260 LPRINT:LPRINT “4.Lp=";Lp;“db° SPC(9); “: RF LOSSES” 

1270 LPRINT :LPRINT “5. Bn=";Bn;-MH2° SPC(6); “: RECEIVER NOISE BANDWIDTH" 
1280 LPRINT:LPRINT © 6.F=";f;"db° SPC(9);~ : RECEIVER NOISE FIGURE” 

1290 LPRINT:LPRINT “ 7.T=";T;"ns" SPC(9); ~: PULSE WIDTH" 

1300 LPRINT :LPRINT ° 8. fp=";1p;"KH2° SPC(6); “: P.RFO 

1310 LPRINT : LPRINT* 9. Ti=";T1;"msec.” SPC(S);° : INTEGRATION TIME” 

1320 LPRINT: LPRINT ~ 10. At=";At;"db/KM” SPC(4); © : WEATHER ATTENUATION" 
1330 LPRINT:LPRINT ~ 11.Ta=";Ta;"KELVIN® SPC(2); “: SKY TEMPERATURE” 
1340 LPRINT:LPRINT™ 12.RCS=";RCS;“dbsm* SPC(2);“: TARGET RCS” 

1350 LPRINT:LPRINT” 13. PB=";PB;"Deg.” SPC(S); °: DEG. OF THE PENCIL BEAM 
1360 LPRINT :LPRINT ~ 14. (J/S)=";JS;"db° SPC(4); * : (J/S)° 

1370 LPRINT:LPRINT ~ 15. R=";R;°KM" SPC(9);° : RANGE” 

1380 LPRINT:LPRINT~ 16. RFL=";RFL;“db" SPC(7); “: RF LOSSES for pert d° 
1390 LPRINT :LPRINT” 17. rt="srl SPC(9);° : ILLUMINATION EFFICIENCY” 

1400 LPRINT:LPRINT™ 18. Lco=";Lco;“db” SPC(7);" : CROSSOVER LOSS" 

i410 RETURN 


rg 


| 420 * 50 56 50 5 40 56 48 56 58 46 48 56 50 56 50 56 48 46 48 SA 40 56 40 56 48 56 40 SE 40 36 40 46 40 Oh 40 56 OF 


1430 ° SUBRUTINE THAT CONVERTSUNITS 


| 440 * 6 3h 36 46 38 Sb 38 36 38 4h 38 SF 48 Oh 8 Of O8 Oh OE OA OE OA a8 38 a8 48 8 Oh a8 6 8 Oh 8 6 8 Oh HP 


1450 
1460 
1470 
1480 
1490 
1500 
1510 
1520 
1530 
1540 

320 
1560 
1570 
1560 
1590 
1600 
1610 
1620 
1630 
1640 
1650 
1660 
1670 
1680 
1690 
1700 
tes 
1720 
1730 
1740 
1750 
1760 


LET M=.4342945+ 

LET Pl=3.14159 : C=3*/0°8 

LET f0=f0*10°9 : fp=fp*10°3 

LET R=R*10°3 : 1=C/fO 

LET Gt1=Gt/10: Gt2=CINT(10°G6t1) 

LET Lpt=Lp/10:Lp2=10'Lp1 

LET RCS 1=RCS/10:RCS2=CSNG(10°RCS1) 
LET ra=10°(- 1/10) 

LET Gtot=Gt+RFL : Gtot 1=Gtot/10: Gtot2=CINT(10°Gtot 1) 
LET Lcol=Lco/ 10: Lco2=CSNG(10%-Lco1)) 
LET Gd=Gt+RFL+Lco 

LET Gd | =Gd/10: Gd2=10°GdI 

RETURN 


* Se Sb 4h 46 46 6 Oh 6 38 OE 4h 46 Oh 6 Oh SE 46 OE 8 8 OA 4b 4 4b 48 SO Oh 4b 40 4b 6 4b 30 4 48 40 


' PRINTS THE RESULTS 


* Sb Ob Sh 6 Sh 46 Sh 46 Oh 48 Sh 46 Oh oh Oh 8 OA 8 Ob 48 4B 4b OB 4b Oh 4b Oh 4b 48 4b 48 4 8 4 oe 


PRINT : PRINT ; PRINT “ PART (a) =” 


LPRINT : LPRINT : LPRINT “ PART (a) :” 

Cie Sap Sa - 

LET Ru=c/(2*fp)*(1/ 1000) 

PRINT : PRINT “ a. Ru=";Ru;“KM"; “: MAX. UNAMBIGUOUS RANGE" 
LPRINT : LPRINT ~ 6. Ru=";Ru;"KM"; °: MAX. UNAMBIGUOUS RANGE” 
PRINT: PRINT: PRINT “ PART (b) :” 


LPRINT :LPRINT : LPRINT ~ PART (b) -* 

LPRINT "---------- : 

LET G=412501/(PB*2) : Ae=1°2*G/(4*P 1) 

LET Ge=JS*(Lp2°2)*RCS2/(Ae*G) 

LET Ge 1=CSNG(10*M*LOG(Ge)) 

PRINT : PRINT” b. Gas":Ge!; “db”; ": REPEATER GAIN REQUIREDFOR (J/S)=":JS:"db" 
LPRINT: LPRINT “b. Ga=";Ge I;"db"; ": REPEATER GAIN REQUIRED FOR (J/S)="JS; "db" 
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1770 
1780 
1790 
1800 


PRINT : PRINT : PRINT “ PART (c) :° 


LPRINT : LPRINT : LPRINT ” PART (c):” 
——————_—— . 


emer LEN rout=Pt*Gt2"(10 (-At/ 10))*Ae*Ge/{4"*P!"*R°2"*Lp2) 


1820 
1830 
1840 
1850 
1860 
1870 
1860 
1890 
1900 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 
1990 
2000 


LET Pout=CSNG(Pout*1000) ‘mW 

PRINT : PRINT °c. Pout=";Pout;“miw"; ~: JAMMER QUTPUT POWER” 
LPRINT : LPRINT °c. Pout=";Pout;“mW"; °: JAMMER OUTPUT POWER” 
PRINT : PRINT : PRINT ° PART (a) :° 


LPRINT : LPRINT : LPRINT * PART (d):" 

LPRINT “---------- i 

LET D=CSNG(I/PI*SOQR(Gtot2/(ra*ri))*100) ‘cm 

PRINT: PRINT “ d. D=":D;"cm”; “: DIAMETER OF THE SEEKER DISH ANTENNA™ 
LPRINT: LPRINT “d. D=";D;"cm"; *: DIAMETER OF THE SEEKER DISH ANTENNA’ 
PRINT: PRINT : PRINT ~ PART (e) -° 


LPRINT : LPRINT : LPRINT “ PART (2): 
Bae) = ->-------- ‘ 

LET THb=SQR(412531/Gd2) 

LET THg=({LOG(Lc02))/(-2.776))(1/2)* THD: THQ=CSNG(THq) 
PRINT : PRINT © e. THq=";THq;"Deg.”; “: SQUINT ANGLE” 
LPRINT : LPRINT ~ e. THq=";THq;"Deg.”; “: SQUINT ANGLE” 
RETURN 


PROBLEM*3 


GIVEN 

i.Pt= |W : OUTPUT PEAK POWER 

2. Gt= 38 db : BORESIGHT ANTENNA GAIN 
3. f{Q= 93.7 GHZ : OPERATING FREQ. 

4.Lp= 3 db > RF LOSSES 

5. Bn= $00 MHz : RECEIVER NOISE BANDWIDTH 
Gi Fe (icp -RECEIVER NOISE FIGURE 
ole Sons : PULSE WIDTH 

8.fp= 100 KH2 eae e 

9. Ti= 50 msec. : INTEGRATION TIME 


10. At= .4d0b/KM : WEATHER ATTENUATION 
11. Ta= 270 KELVIN : SKY TEMPERATURE 
12.RCS= 14.8 dbsm : TARGET RCS 


13. PB= 10 Deg. - DEG. OF THE PENCIL BEAM 
14 (J/S)= 10 db eS) 

[5.R= 1 KM : RANGE 

16. RFL= | db > RE EGSSES (ca pam cd 
i7.ris 6 > ILLUMINATION EFFICIENCY 
18. Leo= 1 aD : CROSSOVER LOSS 

PART (a): 





a.Ru= 1.OKM: MAX. UNAMBIGUOUS RANGE 


PART (b): 
b. Ge- 39.376 db: REPEATER GAIN REQUIRED FOR (J/S)= 10 db 


PART (c): 
c.Pout= 658953 mW: JAMMER OUTPUT POWER 





ie 





PART (a); 
D= 13.1568 cm: DIAMETER OF THE SEEKER DISH ANTENNA 





DART (2) 


2 THg=.58436 Deg.: SQUINT ANGLE 


dS), 


10 
20 
30 


30 
60 
70 
60 
90 
100 
110 
120 
130 
140 
160 
170 
180 
190 
200 
210 
FG 8 
250 
240 
250 
260 
270 
280 
290 
db" 


PRINT : PRINT TAB(30); “ PROBLEM *4° 
PRINT TAB(30); * --------- 
GOSUB 100: GOSUB 1050 :GOSUB 1300 
GOSUB 1480: GOSUB 1640 : GOSUB 1800 : GOSUB 1960 
PRINT : PRINT “ DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT D$ 
IF LEFT$(D$, 1)="¥" OR LEFT$(D$,1)="y" THEN 30 
END 


* 36 4b Sb 4b Sb 4b SE 4b SE 4b 3B 4b 8 4b SE 4b 8 4b 58 ob 38 4b 38 4b 38 4b 38 48 58 48 38 4 


INPUTS THE DATA 


* Sb 48 Sb 4b SE 4b SE 4b SE 48 SE 4b SE 48 5 48 38 48 38 4 8 48 58 4 38 4b 8 48 48 48 8 4 


PRINT : PRINT “ENTER THE ARRAY SIZE d1,d2 IN METERS 

INPUT d1,d2: PRINT : PRINT “ 1. dt xd2=";d1"x°d2" m” 

PRINT: PRINT “ ENTER THE OPERATING FREQ. {0 IN GH2° 

INPUT f0: PRINT : PRINT * 2. (0=°;f0;°GH2Z" 

PRINT : PRINT “ ENTER THE FEED & PHASE SHIFTER LOSSES Lfp IN db” 
INPUT Lfp: PRINT : PRINT “3. Lfp=";Ltp;"db" 

PRINT : PRINT “ ENTER THE SIDELOBE LEVEL S.L IN db" 

INPUT S.L: PRINT : PRINT “4. 5.L=°;S.L;"db° 

PRINT: PRINT ~ ENTER THE ILLUMINATION EFFICIENCY ri- 

INPUT Fl > PRINT SERNA Solme= tl 

PRINT : PRINT “ENTER THE OUTPUT POWER Pa IN Mw™ 

INPUT Pa: PRINT : PRINT “ 6. Pa=";Pa;“Mw" 

PRINT : PRINT “ ENTER THE VALUE OF THE TWO TW" 

INPLG TW: PRINT PRINT 7.7 We tw 

PRINT : PRINT “ ENTER THE WEIGHTING FILTER LOSSLm IN db- 

INPUT Lm: PRINT : PRINT “8. Lm=";Lm;"db" 

PRINT : PRINT “ ENTER THE VALUE OF THE MIN. GUTPUT FOR AUTOMATIC DETECTION,SI IN 


300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
450 


INPUT S1: PRINT : PRINT ° 9. (S/N)min=";S 1;"db° 

PRINT : PRINT “ ENTER THE R.C.S OF THE CRUISE MISSILES Say IN dbsm” 

INPUT Say: PRINT : PRINT ~ 10. Sav=";Sayv;"dbsm" 

PRINT : PRINT “ ENTER THE RANGE OF THE TWO NOISE JAMMERS R IN KM” 

INPUT R: PRINT : PRINT “ 11. R=";R;°KM" 

PRINT :PRINT “ ENTER THE *OF CARCINOTRONS THAT EACH JAMMER CARRIES Cr- 

INPUT Cr: PRINT : PRINT * 12. Cr=";Cr 

PRINT : PRINT “ENTER THE ERP Pj IN KW" 

INPUT Pj: PRINT : PRINT © 13. Pj=";Pj;>"Kw/tube™ 

PRINT : PRINT “ ENTER THEPROPAGAT ION FACTOR Q™ 

INPUT g: PRINT: PRINT “ 14. g=";g 

PRINT : PRINT “NOW GO TO PART c&e OF THE PROBLEM AND ENTER THE FOLLOWING :” 
PRINT : PRINT “ ENTER THE RANGE THAT THE CRUISE MISSILE IS ILLUMINATED R1 IN KM 
INPUT R1: PRINT: PRINT “15. Ri=";R1;°KM" 

PRINT : PRINT “ ENTER AGAIN THE RANGE THAT THE CRUISE MISSILE IS ILLUMINATED R2 IN 


KM (for part e)” 


460 
470 
480 
490 
300 
310 
520 
330 
340 
990 
560 
370 
950 


INPUT R2: PRINT: PRINT ” 16. R2=":R2;"KM" 
PRINT : PRINT “ ENTER THE INTEGRATION EFFICIENCY EI” 

INPUT £1: PRINT : PRINT * 17. Ei(n)=";1 

PRINT : PRINT “1S THE INPUT DATA CORRECT Y/N?" 

INPUT A$ 

IF LEFT $(A$, 1)="¥" OR LEFTS(A$, 1)="y" THEN 1030 

PRINT : PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 

PRINT : PRINT “ |. THE SIZE OF THE ARRAY?™, “ 2. THE OPERATING FREQ.?° 

PRINT : PRINT ° 3. THE FEED AND PHASE SHIFTER LOSSES7?”, ° 4. THE SIDELOBE LEVEL?" 
PRINT : PRINT °S. THE ILLUMINATION EFFICIENCY?”, “6. THE OUTPUT POWER?" 

PRINT : PRINT ° 7. THE VALUE OF THE TWO TW?", * 8. THE WEIGHTING FILTER LOSS?" 
PRINT : PRINT “9. THE VALUE OF THE (S/N)min?”, * 10. THE RCS OF THE CRUISE MISSILE?” 
PRINT : PRINT “11. THE RANGE OF THETWO NOISE JAMMERS?”, 


A.9) Ih 


590 PRINT: PRINT “ 12. THE “OF CANCINOTRONS?*, © 13. THE ERP?" 

600 PRINT: PRINT” 14. THE PROPAGATION FACTOR?™, ~ 15. THE RANGE OF THE CRUISE MISSILE 
(pertc)?” | 

610 PRINT: PRINT “ 16. THE RANGE OF THE CRUISE MISSILE (part 2)", 17. THE INTEGRATION 


EFFICIENCY?” 
620 INPUT C$ | 
630 IF C$="1" THEN PRINT:PRINT “ENTER THE ARRAY SIZE d1,d2 IN METERS” | 
640 IFC$="1" THEN INPUT d1,d2: PRINT: PRINT “ 1.d1xd2=";d1°x"d2° m” : GOTO 970 | 
650 IF C$="2° THEN PRINT : PRINT “ENTER THE OPERATING FREQ. f0 IN GHz" 

660 IF C$="2" THEN INPUT f0: PRINT : PRINT “2. f0=";f0;"GH2" : GOTO 970 

670 IF C$="3" THEN PRINT: PRINT“ ENTER THE FEED & PHASE SHIFTER LOSSES Lfp IN db” | 
660 IF C$="3" THEN INPUT Lfp: PRINT: PRINT “3. Lfp=";Lfp;"db": GOTO 970 ) 
690 IF C$="4" THEN PRINT: PRINT “ENTER THE SIDELOBE LEVEL S.L IN db° 

700 «IF C$="4" THEN INPUT S.L: PRINT: PRINT ~ 4. S.L=";5.L;"db" : GOTO 970 

710 IF C$="5" THEN PRINT: PRINT “ENTER THE ILLUMINATION EFFICIENCY rt” 

720 «=IFC$="5" THEN INPUT ri: PRINT: PRINT “5. ri=";ri: GOTO 970 

730 «IF C$="6"° THEN PRINT : PRINT “ENTER THE OUTPUT POWER Pe IN Mw" 

740 «IF C$="6" THEN INPUT Pa: PRINT : PRINT “ 6. Pa=";Pe;"Mw” : GOTO 970 

750 «IF C$="7" THEN PRINT: PRINT “ENTER THE VALUE OF THE TWO T.W" 

760 «IF C$="7" THEN INPUT T.W: PRINT: PRINT “7. T.\W=";T.W: GOTO 970 

770 «IF C$="8" THEN PRINT: PRINT “ENTER THE WEIGHTING FILTER LOSS Lm IN ab" 

780 «IF C$="8" THEN INPUT Lm: PRINT : PRINT “ 8.Lm=";Lm;"db" : GOTO 970 

790 «IF C$="9" THEN PRINT: PRINT “ ENTER THE VALUE OF THE MIN. OUTPUT FOR 


AUTOMATICDETECTION,S11N db" 


B00 «IF C$="9" THEN INPUT S1: PRINT: PRINT” 9. (S/N)min=";S1;"ab" : GOTO 970 
BIO IFC$="10° THEN PRINT: PRINT “ENTER THER.C.S OF THE CRUISE MISSILES Sev IN 
dbsm" 
820 IFC$="10° THEN INPUT Sav: PRINT: PRINT “ 10. Sav=";Sav;"dbsm”" : GOTO 970 
B30 «IF C$="11° THEN PRINT: PRINT “ENTER THE RANGE OF THE TWO NOISE JAMMERS R IN | 


202 


KM" 

B40 IFC$="11" THEN INPUT R: PRINT: PRINT” 11.R="sR;KM" : GOTO 970 

B50 IF C$="12° THEN PRINT: PRINT" ENTER THE #0F CARCINOTRONS THAT EACH JAMMER 
CARRIESCr” 

860 IF C$="12° THEN INPUT Cr:PRINT: PRINT ” 12.Cr=":Cr: GOTO 976 

870 IFC$="13" THEN PRINT : PRINT ~ ENTER THE ERP Pj INK" 

B80 IFC$=-"13° THEN INPUT Pj: PRINT: PRINT” 13. Pj=";Pj;Kw/tube” : GOTO 970 

B90 IFC$="14" THEN PRINT: PRINT “ENTER THE PROPAGATION FACTOR g” 

900 IF C$="14" THEN INPUT g: PRINT: PRINT * 14. g=":g GOTO 970 

910 IFC$="15" THEN PRINT : PRINT ~ ENTER THE RANGE THAT THE CRUISE MISSILE 1S 
ILLUMINATED RI IN KM” 

920 IFC$="15° THEN INPUT R1:PRINT: PRINT” 15.R1="cRIKM" :GOTO 970 

930 IFC$="16" THEN PRINT: PRINT” ENTER AGAIN THE RANGE THAT THE CRUISE MISSILE 
IS ILLUMINATED R2 IN KM (for part 2)” 

940 IFC$="16" THEN INPUT R2:PRINT: PRINT * 16. R2=";R2;°KM” : GOTO 970 

950 IFC$="17° THEN PRINT: PRINT” ENTER THE INTEGRATION EFFICIENCY El” 

960 IF C$="17° THEN INPUT El: PRINT: PRINT “17. E1(n)=";€1 :GOTO 970 

970 PRINT: PRINT ~ 1S EVERYTHING 0.K NOW?" 

980 INPUT B$ 

990 IFLEFT$(B$,1)="¥" OR LEFT$(B$, 1)="y" THEN 1030 

1000 PRINT: PRINT“ WHAT DO YOU WANT TO CHANGE AGAIN?” 

1010 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 
MALAKA™ 

1020 INPUTF$ :GOTO530 

1030 RETURN 


| 040 * Sh 4h 36 4b Sh 4b Sh 4b OA 4b OA 4b OA 4b OA 4b OO 4b 3h 4b OA 4b OO 4b 6 4h 36 40 SE ah SE ae 


1050 ° PRINTS THE INPUT DATA 


| 060 * Sh 4b SB 4b 40 4b 4b 4b 4b 40 4b 4b 48 4 4b 4b 4b 40 2b 4b 4b ab 48 tO ab te 4b 4 4 tt a 


1070 LPRINT : LPRINT TAB(30); “ PROBLEM #4” 


1060 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
1 160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 


LPRINT TAB(30);” ---------- 


LPRINT : 
LPRINT ~ 
LPRINT : 
LPRINT : 
LPRINT : 
: LPRINT” 4. S.L=";S.L;"db" TAB(20); *: SIDELOBE LEVEL" 

: LPRINT °S. ri=";ri TAB(20); ~: ILLUMINATION EFFICIENCY” 
: LPRINT * 6. Pa=";Pa;"Mw" TAB(20); *: OUTPUT POWER" 

LPRINT : 
LPRINT : 


LPRINT 
LPRINT 
LPRINT 


LPRINT : 


LPRINT : 
LPRINT : 
LPRINT : 
-LPRINT” 13. Pj=";Pj;"KW/tube” TAB(20); ° : ERP VALUE" 
LPRINT : 
-LPRINT © 15. R1=";R15°KM"TAB(20); “: RANGE OF THE CRUISE MISSILE (part c)° 
LPRINT : 


LPRINT 


LPRINT 


LPRINT: 
RETURN 


LPRINT“GIYEN 

LPRINT “ 1. d1xd2=";d1"x°d2" m° TAB(20); > ARRAY SIZE 

LPRINT ” 2. [0=";10;"GHZ°TAB(20); * : OPERATING FREQ.” 

LPRINT ” 3. L{p=";Lfp;"db” TAB(20);" : FEED & PHASE SHIFTER LOSSES” 


LPRINT ° 7. T.W=";T.W TAB(20); °: VALUE OF THE TWO TW" 

LPRINT * 8. Lm=";Lm;"db" TAB(20);” : WEIGHTING FILTER LOSS" 

LPRINT “9. (S/N)min=";S 1;"db" TAB(20);° :(S/N)min FOR AUT. DETECTION” 
LPRINT “ 10, Sav=";Sav;"dbsm" TAB(20);“:R.C.S FORTHE CRUISE MISSILE” 
LPRINT ~ 11. R=";R;"KM" TAB(20); “: RANGE OF THE TWO NOISE JAMIMERS” 
LPRINT * 12. Cr=";Cr TAB(20); “: #OF CANCINOTRONS* 


LPRINT “14. g=";g TAB(20); “: PROPAGATION FACTOR" 


LPRINT ~ 16. R2=";R2;"KM" TAB(20); “: RANGE OF THE CRUISE MISSILE (part 2)° 
LPRINT “17. Ei(nj=";£1 TAB(20); ©: INTEGRATION EFFICIENCY” 


1 LOLS Be te at Ae at Fe Ee at OE SE HE SE HE TE HE HE HE BE OE SE FE SE SE FE HE SE HE HE HE 3t 48 38 58 5 38 


1300 © CALCULATION AND PRINTOUT FOR PART a: 


| 3 | 8 heliattiaintiaialiaiialinliaiatelalielialetalielahelntelalelahelnlelnletaietiaielahalinhele 


1320 PRINT: PRINT: PRINT “ PART a:° 
1330 LPRINT :LPRINT: LPRINT “ PART a:° 


1340 


PRINT ~ 


1550°> ERR seeecor: 
1360 LET Pl=3.14159 : fO=f0*10°O : C=3*10°6 
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1370 LET A=d1*d2_ 
1380 LET 1=C/f0 

1390 LETLfp1=10°(-Lfp/ 10) 

1400 LET Ae=CSNG(A*L fp {*ri) 

1410 LET Gp-CINT(4*P!*Ae/(1°2)) 

1420 PRINT: PRINT “ 1(a). Ae=A*Lfp1#ri=";Ae;"9.m"; ": EFFECTIVE AREA OF THE PHASED 
ARRAY" 

1430 LPRINT:LPRINT~ 1(a). Ae=A*Lfp 1 *ri=";Ae;"sq.m";” :EFFECTIVE AREA OF THE PHASED 
ARRAY” 

1440 PRINT :PRINT * 2(e). Gp=4*PI*Ae/(1°2)=":Gp; *: POWER GAIN OF PHASED ARRAY 

1450 LPRINT :LPRINT * 2(a).Gp=4*PI*Ae/(1°2)=";Gp; * : POWER GAIN OF PHASED ARRAY 
1460 RETURN 


1 AIL Be Ae ee ee A See ee BE A See Se SE BE AE Be Se ae Be Se See Oe EE 


1480 * CALCULATION AND PRINTOUT FOR PART b: 

| GOS Me AE Ae AE A SE ee ae He See Se HE Se HE Fe HE Se HE Se HE Se HE Bt HE Be SE BEE SE HE Bt HE OO HE 

1500 PRINT: PRINT : PRINT “ PART b:” 

1510 LPRINT:LPRINT : LPRINT “ PART b:° 

fee” FRINT  -------" 

1530 LPRINT “------- 

1540 LET PJ=Pj*10°3 

fee EE Emti-Lm/10:Lm2=10'Lm! 

1560 LET R=R*10°3 

1570 LETJ=CSNG(2*Cr*Pj*Ae/(4*P1*R°2*Lm2*T.W)) 

1580 LET J1=CSNG(10*%.4342945**LOG(J)) ‘dbw VALUE 

1590 LET J2=CSNG(J1+30) ‘ddbm VALUE 

1600 PRINT:PRINT ~ 1(b). J=Gj*PJ**Ae/(4*PI*R°2*L3M2*T W="355°W"; OR" 1; “dbw";" OR 
woz cbm 

1610 LPRINT :LPRINT * 1(b). JoGj*Pj**Ae/(4*PI*R°2"Lm2)="35;"W" OR 1s" dbw";” 
OR”: J2;"dbm" 


ZU 


1620 RETURN 


1 = 11 0 abate hate ReliehalieRakehaRakeRahelahelekeRekelaketehetaheRehaieheteheReheRehaiel 


1640 * CALCULATION AND PRINTOUT FORPART c: 

1 GS Lye A A te A Ae Ae ae at 0 at 40 et a a8 Se a0 He He Ot ae He 48 SP ae Se ae He th at HO ae Se at HE at 

1660 PRINT: PRINT: PRINT “PART ¢:” 

1670 LPRINT:LPRINT: LPRINT “PART c: 

1680 PRINT “ -------" 

1690 LPRINT “------- ‘ 

1700 LET Pa=-Pa*10°6 

1710 LET Stav=10%(-Sav/ 10) 

1720 LEV RSs 

1730 LET S2=CSNG(Pa*Gp*S 1 av*Ae/((4*P1*R | °2)2))) 

1740 LET S3=CSNG(10*.4342945**LOG(S2)) ‘dbw 

1750 LET S4=CSNG(S3+30) ‘dbdm 

1760 PRINT :PRINT” {(c). S=Pa*Gp*S | av*Ae/((4*PI*R 1°2)%2))=";S2;°W"s” OR";S35; ‘dbw" OR 
";354;"dbm’"; >: SINGLE PULSE ECHO SIGNAL POWER™ 

1770 LPRINT :LPRINT “ {(c). S=Pa*Gp*5 | av*Ae/((4*Pi*R 1°2)°(2))=":S2;"W"” OR" :S35dbw";” 
OR”;S4;"dbm"; ~: SINGLE PULSE ECHO SIGNAL POWER™ 

1780 RETURN 


| 7 GLH A Ae Ae Ae ee tt et et at Set Se 2 He aE a a8 Ab ae Se AE A at Seb SE BE AE OP SE Sb aE BP at 


1800 * CALCULATION AND PRINTOUT FOR PART a: 

1] B | Lf eM Ae Ae at Ae ae Ae te Se ae et 0 ae tb a ae 2 ee St ae St OP OE Se ae Se SE Oe 4 A at 
1820 PRINT: PRINT: PRINT “PART ¢:” 

1830 LPRINT :LPRINT : LPRINT “ PART d:" 

1840 PRINT ” ------- ; 

1850 LPRINT “------- ; 

1860 LETT.W1=10*.4342945**LOG(T.W) 

1870 LET B=CSNG(J2-S4) 

18680 LET C=CSNG(-B+T.W1-Lm) 


1690 LETC=-C 

1900 PRINT: PRINT” 1(d). (J/S)in=J2-S4=";B;"dbm”"; ~: THE SINGLE PULSE (J/S) AT THE 
RECEIVERINPUT” 

1910 LPRINT :LPRINT™ 1(d). (J/S)in=J2-S4=":B-"“dbm’";”: THE SINGLE PULSE (J/S) ST THE 
RECEIVERINPUT™ 

1920 PRINT: PRINT ~ 2(d). (S/J)out=(S/J)1n+(T.W)-Lm=";C;"db"; ”: THE SINGLE PULSE (J/S)} AT 
THERECEIVER OUTPUT” 

1930 LPRINT :LPRINT *2(d).(S/J)out=(S/J)ine(T.W)-Lmz=";C;"dbm’; “: THE SINGLE PULSE (J/5) 
AT THE RECEIVER QUTPUT™ 

1940 RETURN 


| OSC Rte RRR HR 46 OE 4 SR See Sb Se Se ok 58 SE Se ae he ae SB ae Ok He ke EH 


1960 © CALCULATION AND PRINTOUT FOR PART e: 

1° Wd 0 lieliaialieialieRaRieReReReReRek ele RelteRelteRelt Kelis Kelis Rel keteketekeRakeRekeRekeles 

1980 PRINT : PRINT: PRINT “ PART e:° 

1990 LPRINT:LPRINT:LPRINT “ PART @>° 

2700) PRINT ~ ------- 7 

BUN LPRINT “------- . 

2020 LET H=S1+C 

2030 LETH t=Ii710:1i2=10°1i1 

2040 PRINT: PRINT “ {(e). Hitnd=n=";CINT C12); *: “OF PULSES INTEGR. INPERFECT INTEGRATOR™ 

2050 LPRINT :LPRINT ” 1(9). (nd=n=";CINT(12);” : “OF PULSES INTEGR. INPERFECT 
INTEGRATOR™ 

2060 RETURN 
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GIVEN 

1. dixd2= 3.65% 3.65m 
20=.5-5 GHz 
3.Lfp= 2.5 db 
4.S.L= 30 db 

= 

6.Ps- 4Mw 
7.T.W= 1000 
S.Lm= 3 db 

3. (S/N)min= 13 db 
10. Sav= 3 dbsm 
ike OD 
I226f= te 

13. Pj= 10 KW/tube 
‘4. j= 1 

15.21= 8OKM 
16.R2= BOKM 
PSNR 


PART a: 


PROBLEM*4 


: ARRAY SIZE 
> OPERATING FREQ. 
: FEED & PHASE SHIFTER LOSSES 
: SIDELOBE LEVEL 
: ILLUMINATION EFFICIENCY 
:QUTPUT POWER 
> VALUE OF THE TWO TW 
; WEIGHTING FILTER LOSS 
: (S/N)min FOR AUT. DETECTION 
> R.C.S FOR THE CRUISE MISSILE 
: RANGE OF THE TWO NOISE JAMMERS 
: OF CANCINOTRONS 


> ERP VALUE 


“PROPAGATION FACTOR 

-RANGE OF THE CRUISE MISSILE (part c) 
-RANGE OF THE CRUISE MISSILE (part a) 
> INTEGRATION EFFICIENCY 


i(a). A@=A*Lfp 1 *ri=3.7459 sq.m: EFFECTIVE AREA OF THE PHASED ARRAY 
2(a). Gp=4"Pi *Ae/(1°2)= 5696 : POWER GAIN GF PHASZCD ARRAY 


PART b: 





1(b). J=G]*Pj**Ae/(4*P1*R°2*Lm2*T.W)=5.37835 E-09 W OR-82.6935 dbwOR -52.6935 dom 


PART C: 





{ic}, S=Pa*Gp*S lav*Ae/ (Cell 2 1°22) 2-53.61 3130-12 WOR-31).796caWwOR-31 7Sad5m 
SINGLE PULSE ECHE SIGNAL POWER 
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PART d: 
1(d). (J/S)in=J2-S4= 29.1025 dbm: THE SINGLE PULSE (J/S) AT THE RECEIVER INPUT 
2(d). (S/Jjout=(S/J)ine(T.W)-Lm= 2. 1025 db : THE SINGLE PULSE (J/5) AT THE RECEIVER SLTF™ 


PART @: 
1(a). 1i(nJ=n= 32 : *OF PULSES INTEGR. IN PERFECT INTEGRATOR 


10 

20 

30 

40 

50 

60 

70 

80 

90 

100 
110 
120 
130 
140 
150 
160 
Ua. 
180 
190 
200 
210 
220 
2350 
240 
250 
260 
270 
280 
290 
300 
310 
o20 
330 
340 
350 


PRINT : PRINT TAB(30) * PROBLEM #5° 

PRINT TAB(30); * --------- 

GOSUB 100: GOSUB 1120:GOSUB 1480 

GOSUB 1680 

PRINT : PRINT “ DO YOU WANT TO TRY AGAIN FOR DIFFERENT OR THE SAME DATA Y/N?" 
INPUT D$ 

IF LEFT$(D$,1)="¥" OR LEFT$(D$,1)="y" THEN 30 

END 


* db 5b 4b SO 4b 4b 4b SO tb 48 4b ab 4b 48 4b 48 4b 48 4b 48 SO 48 Ob 48 3b 40 5b 40 0 48 50 48 


INPUTS THE DATA 


* 50 4b Sh 46 5h 36 Sb 46 38 tb Sb 4b Sb te 38 4b SA 46 Sb $6 38 4b 38 46 30 40 38 46 5 46 48 4h 


PRINT: PRINT “ENTER THE OPERATING FREQ fO IN GH2™ 

INPUT (0: PRINT: PRINT “ 1. f[O=";10;°GH2" 

PRINT : PRINT “ ENTER THE PEAK POWER Pa IN KW" 

INPUT Pa: PRINT : PRINT ” 2. Pa=";Pa;"KW" 

PRINT : PRINT “ ENTER THE ANTENNA MAIN BEAM GAIN Ga IN db" 
INPUT Ga: PRINT : PRINT ° 3. Ga=";Ga;"db" 

PRINT : PRINT “ENTER THE ANTENNA SIDELOBE GAIN Gp IN db" 
INPUT Gp: PRINT : PRINT “ 4. Gp=";Gp;"db" 

PRINT : PRINT “ ENTER THE P.R.F IN MH2° 

INPUT fp: PRINT: PRINT ” 5. fp=";fp;"MH2" 

PRINT : PRINT “ ENTER THE PULSE WIDTH T IN micsec.” 

INPUT T : PRINT : PRINT * 6. T=";T;"micsec.” 

PRINT: PRINT ” ENTER THE RECEIVER NOISE FIGURE F IN db° 

INPUT F : PRINT : PRINT ° 7. F=";F;"db" 

PRINT :PRINT “ ENTER THE RECE] VER NOISE BANDWIDTH Bn IN MH2° 
INPUT Bn: PRINT : PRINT * 8. Bn=";Bn;"MH2° 

PRINT : PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN™ 
INPUT Ta: PRINT: PRINT © 9. Ta=";Ta;KELVIN’ 

PRINT :PRINT “ ENTER THE ANTENNA SECTOR COVERAGE Ss IN Deg.” 
INPUT Ss: PRINT : PRINT “ 10. Ss=";Ss;"Deg.” 

PRINT : PRINT “ ENTER THE ANTENNA SCAN RATE Sr” 

INPUT Sr: PRINT: PRINT ° 11. Sr=";Sr;"scans/sec™ 

PRINT : PRINT “ ENTER THE OUTPUT POWER GF THE JAMMER Pj IN W" 
INPUT Pj : PRINT : PRINT "12. Py=";Pj;"W" 


Zz AAG) 


360 PRINT: PRINT “ENTER THE RF NOISE BANDWIDTH OF THE JAMMER Brt IN MHz” 

370 INPUT Brf: PRINT: PRINT ~ 13. Brf=":Brf;"MH2" 

380 PRINT: PRINT “ ENTER THE ANTENNA GAIN OF THE JAMMER Gj IN db” 

390 INPUT Gj:PRINT:PRINT ” 14. Gj=":Gj;"db" 

400 PRINT: PRINT “ ENTER THE RANGE WHERE THE JAMMER IS POSITIONED RIN CM" 

410 INPUT R: PRINT: PRINT * 15. 8=":R;"KM" 

420 PRINT : PRINT “ ENTER THE (U/S) RATIOJ.S IN db” 

430 INPUT J.S: PRINT: PRINT “16. J.S="3J.5;"db" 

440 PRINT: PRINT “ENTER THE CAMOFLAGE FACTOR CF IN db” 

450 INPUT CF: PRINT: PRINT * 17. CF=";CF;"db" 

460 PRINT: PRINT “ENTER THE PLUMBING LOSSES Lp IN db" 

470 INPUT Lp: PRINT :PRINT * 16. Lp=";Lp;"db" 

480 PRINT: PRINT “ENTER RANGE AT WHICH THE MORTOW ROUND PASSES THROUGH THE 
RADAR BEAMR1 IN Ki" 

490 INPUT RI: PRINT: PRINT" 19. R1=":R1;5°KM" 

500 PRINT: PRINT “1S THE INPUT DATA CORRECT ¥/N?™ 

S510 INPUT A$ 

520 IF LEFTS$(A$,1)="Y" OR LEFT$(A$, 1)="y" THEN | 100 

S30 PRINT: PRINT “WHAT OF THE FOLLOWING 00 YOU WANT TO CHANGE?” 

S40 PRINT :PRINT ~ 1. THE OPERATING FREQ.?”,” 2. THE PEAK POWER?” 

550 PRINT:PRINT “3. THE ANTENNA MAIN BEAM GAIN?”,” 4. THE ANTENNA SIDELOBE GAIN?” 

560 PRINT :PRINT “5.P.R.F?",” 6. THE PULSE WIDTH?” 

570 PRINT: PRINT “7. THE RECEIVER NOISE FIGURE?”,” 8. THE RECEIVER NOISE SANOWIDTH?” 

S80 PRINT: PRINT ~ 9. THE ANTENNA NOISE TEMPERATURE?™,” 10. THE ANTENNA SECTOR 
COVERAGE?” 

S90 PRINT: PRINT “11. THE ANTENNA SCAN RATE?™,” 12. THE JAMMER'S OUTPUT POWER?” 

600 PRINT:PRINT ~ 13. THE JAMMER'S RF NOISE BANDWIDTH?”,” 14. THE JAMMER'S ANTENNA 
GAIN?” 

620 PRINT:PRINT ~ 15. THE RANGE POSITION OF THE JAMMER?”,” 16. THE (J/S) OF THE 
JAMMER?” 

630 PRINT: PRINT 17. THE CAMOFLAGE FACTOR?”,” 18. THE PLUMBING LOSSES?" 

640 PRINT: PRINT ~ 19. THE RANGE AT WHICH THE MORTOW ROUND PASSES THROUGH THE 
RADARBEAM?™ 

550 INPUTCS 

660 IF C$="1" THEN PRINT: PRINT “ENTER THE OPERATING FREQ {6 IN GH2~” 


2A 


670 
680 
6S0 
700 
710 
720 
730 
740 
790 
760 
770 
780 
790 
800 
310 
820 
530 
640 
850 
860 
670 
680 
690 
900 
MH2" 
910 
920 
930 
940 


IF Caer 
[le era 
FP Ge zs 
IF G3="3" 
ae 


lFC$="4° 


IF C$="4" 
ie OG =55! 
Be a 
IF C3= 6° 
IF C$="6" 
pt yaar 
Tar 


IRES= 4) 


lp fe 


IF C$="9° 


|? Sse 


IF C$=" 10" 


iF C$="10° 
IF C$=-{"11° 


rGS=0 ie 
eps i2e 


lF C$=" 12° 


Perales 


IPE | Sa 
ee=r |e 
IF CH=" 14" 


[Ze |S) 


INKM” 


950 
960 
970 
360 
gag0 


iF C$=°15° 
| Foley eae 


IF cy=" 16° 


IF C$a° 177 


fw Y= 


IF C$="17" 


THEN INPUT 10: PRINT: PRINT * 1. [0=";10;"GHz" : GOTO 1040 
THEN PRINT : PRINT " ENTER THE PEAK POWER Pa IN KW" 
THEN INPUT Pa: PRINT : PRINT * 2. Pa=";Pa;"KW" : GOTO 1040 
THEN PRINT : PRINT “ENTER THE ANTENNA MAIN BEAM GAIN Ga IN db” 
THEN INPUT Ga: PRINT : PRINT * 3. Ga=";Ga;"db" : GOTO 1040 
THEN PRINT: PRINT “ENTER THE ANTENNA SIDELOBE GAIN Go IN db” 
THEN INPUT Gp: PRINT : PRINT * 4. Gp=";Gp;"db" : GOTO 1040 
THEN PRINT : PRINT * ENTER THE P.R.F IN MHZ" 
THEN INPUT fp: PRINT : PRINT "5. fp=":fp;"MH2": GOTO 1040 
THEN PRINT : PRINT ” ENTER THE PULSE WIDTH T IN micsec.” 
THEN INPUT T : PRINT : PRINT "6. T=":T;"miesec.” : GOTO 1040 
THEN PRINT : PRINT * ENTER THE RECEIVER NOISE FIGURE F IN db” 
THEN INPUT F : PRINT : PRINT * 7. F=".F;"db": GOTO 1040 
THEN PRINT : PRINT ” ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MH2° 
THEN INPUT Bn: PRINT : PRINT * 8. Bn=":Bn;"MH2": GOTO 1040 
THEN PRINT : PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE Te INKELVIN” 
THEN INPUT Ta: PRINT : PRINT * 9. Ta=":Ta;"KELVIN" : GOTO 1040 
THEN PRINT : PRINT “ ENTER THE ANTENNA SECTOR COVERAGE Ss IN Deg.” 
THEN INPUT Ss: PRINT : PRINT * 10. Ss=":Ss:"Deg.” : GOTO 1040 
THEN PRINT : PRINT "ENTER THE ANTENNA SCAN RATE Sr” 
THEN INPUT Sr: PRINT : PRINT ° 11. Sr=":Sr;"scans/sec”: GOTO 1040 
THEN PRINT : PRINT " ENTER THE OUTPUT POWER OF THE JAMMER Pm IN Ww" 
THEN INPUT Pj : PRINT : PRINT ” 12. Pj=";PJ;"W": GOTO 1040 
THEN PRINT : PRINT “ ENTER THE RF NOISE BANDWIDTH OF THE JAMMER Brt IN 


THEN INPUT Brf: PRINT: PRINT “ 13. Brf=";Brt;;MH2° : GOTO 1040 

THEN PRINT : PRINT “ ENTER THE ANTENNA GAIN OF THE JAMMER Gj IN db° 
THEN INPUT Gj: PRINT : PRINT ” 14. Gj=";Gj;"db" : GOTO 1040 

THEN PRINT : PRINT “ ENTER THE RANGE WHERE THE JAMMER IS POSITIONED R 


THEN INPUT R: PRINT : PRINT ~ 15. R=";R;"KM" : GOTO 1040 
THEN PRINT : PRINT “ ENTER THE (J/S) RATIO J.S IN db” 

THEN INPUT J.S: PRINT : PRINT “16. J.9=";J.5;"dD" : GOTO 1049 
THEN PRINT : PRINT “ ENTER THE CAMOFLAGE FACTGR CF IN db” 
THEN INPUT CF: PRINT: PRINT “ 17. CF=";CF;“db": GOTO 1040 


1000 IF C$="18" THEN PRINT: PRINT “ ENTER THE PLUMBING LOSSES Lp IN db” 

1010 IFC$="18" THEN INPUT Lp: PRINT: PRINT ~ 18. Lp=":Lp;"db" : GOTO 1040 

1020 IF Ct="19° THEN PRINT: PRINT ~ ENTER THE RANGE AT WHICH THE MORTOW ROUND 
PASSES THROUGH THE RADAR BEAM 

1030 IF C$="19" THENINPUT RI: PRINT: PRINT” 19.R1="3R1,°KM": GOTO 1920 

1040 PRINT: PRINT “IS EVERYTHING 0.K NOW?" 

1050 INPUT Bt 

1060 IF LEFT$(B$, 1)="¥" ORLEFT$(B$,1)="y" THENGOTO 1100 

1070 PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

1080 PRINT : PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 
MALAKA’ 


1090 INPUT F$ 
1100 RETURN 


: GOTO 540 


| | | (Ll) * Ee 5 Ae ae Ae ae 3 et Se AP Se at SE At OE SP Se AP ae Se AP Ee SP ae a ae a 


| 7 


PRINTS THE INPUT DATA 


} | 30 * Sb 4b Sh tb Sh 3b Sh it Sb it Sh At Se 4h Se At Sb 4 ah 4 Se 4b a oe a 4 es a a 


1140 
1150 
1 166 
1170 
1160 
1130 
1200 
{210 
1220 
1230 
1240 
1250 
12650 
1270 
1280 
1290 
1300 
1400 
i410 


LPRINT: 


LPRINT TAB(30); ° PROBLEM #3" 


LPRINT TAB(30);” ---------- 
LPRINT :LPRINT "GIVEN" 


LPRINT “ 
LPRINT : 
LPRINT : 
LPRINT : 
:LPRINT ” 4. Gp=";Gp;"db"° TAB(20); ° : ANTENNA SIDELOBE GAIN" 
FOP RIN oetn=e tp: MHZ. ABCZO): oP Rie: 

-LPRINT 6. T=";T;“micsec.” TAB(20); “: PULSE WIDTH" 

: LPRINT “ 7. F=";F “db” TAB(20);” : RECEIVER NOISE FIGURE" 
LPRINT : 
LPRINT : 
LPRINT : 
LPRINT: 
LPRINT : 


LPRINT 
LPRINT 
LPRINT 
LPRINT 


LPRINT 


LPRINT “1. 10=";10;"GH2" TAB(20); *: OPERATING FREQ” 
LPRINT “2. Pa=";Pa;“KW" TAB(20); “: PEAK POWER” 
LPRINT “ 3. Ga=";Ga;“db” TAB(20);” : ANTENNA MAIN BEAM GAIN" 


LPRINT *8. Bn=";Bn;"MH2° TAB(20); *: RECEIVER NOISE BANDWIDTH" 
LPRINT * 9. Ta=";Ta;"KELVIN® TAB(20); *: ANTENNA NOISE TEMPERATURE 
LPRINT ~ 10.Ss=";Ss;"Deg.” TAB(20); ~: ANTENNA SECT OR COVERAGE” 
LPRINT “11. Sr=";Sr;"scans/sec" TAB(20); >: ANTENNA SCAN RATE” 
LPRINT ” 12. P{=";Pj;"w" TAB(20); * :QUTPUT POWER OF THE JAMMER” 


-LPRINT “ 13. Brf=":Br?;"MH2” TAB(20); “: RF NOISE BANOWIOTH OF THE JAMMER” 
LPRINT: 
LPRINT : 


LPRINT ~ 14. Gj=";6):"db" TAB(20); “: ANTENNA GAIN OF THE JAMMER * 
LPRINT “ 15. R=";R;"KM" TAB(20); “ : RANGE WHERE THE JAMMER IS POSITIONED” 


213 


1420 LPRINT : LPRINT * 16. J.S=";J.5;"db" TAB(20); °: (U/S) RATIO” 

1430 LPRINT :LPRINT ~ 17.CF=";CF;"db" TAB(20); ~: CAMOFLAGE FACTOR" 

1440 LPRINT:LPRINT~ 18. Lp=";Lp;"db" TAB(20); *: PLUMBING LOSSES” 

{2450 LPRINT -LPRINT” 19. R1="sR1;"KM"; TAB(20);” : RANGE AT WHICH THE MORTOW ROUND 
PASSES THROUGH THE RADAR BEAM 

1460 RETURN 


| ATC BSH SH A A Se A Be Ae Se Ae Se Ae Se Se St SE HE SE St SE HE OE EE St 48 4b 48 Sb 8 et 48 Se 8 ae 48 at 4 


1480 * CALCULATION & PRINTOUT FOR PART a: 


| ADL Bt Me He Bee Se ae Se Se Ee Se SE Se SE St Se St SE Se SE Se SE St SE Se SE Se SE At SP at SE ot SE at SP at SE He St ot 


1500 PRINT: PRINT: PRINT ~ PART @:° 


[oO PRIN -—--——- : 

1520 LPRINT:LPRINT : LPRINT “ PART a:” 
1330 LERINT “=-=2-—— : 

1540 LET Pi=P\7 Sai ‘W/MH2 


1550 LET Gj1=Gj/10:Gj2=CINT(10°Gj 1) 

1560 LETLpi=Lp/10:Lp2=CINT(10°Lp1) 

1570 LET C=3*10°8 : f0=f0*10°9 : 1=C/fO : R=R*10% 

1580 LET Pl=3.14159 

1590 LET Gpl=Gp/10:Gp2=CINT(10°Gp 1) 

1600 LET Ae=Gp2*1°2/(4*P]) 

1610 LETJ=CSNG(P}*Gj2*Bn*Ae/(4*P]*R*2*Lp2)) 

1620 LETJ1=CSNG(10*.4342945**LOG(U)) 

1630 LET J2=CSNG(J1+30) 

1640 PRINT PRINT” (a). J=Pj*Gj*Bn*Ae/(4*PI*R2*L pa" JW” OR JLab; 
OR*:J2;"dbm"; *: NOISE JAMMING POWER” 

1650 LPRINT :LPRINT * 1(a). J=Pj*Gj*Bn*Ae/(4*P1*R°2*Lp)="-J;-W";” OR”3J 1 ;7dbw"s" 
OR".J2;"dbm"; *: NOISE JAMMING POWER” 

1660 RETURN 


| 6 7 CO ee Ae Ee ESE Se Se St SE Se Se Se Se St SE St SE Se SE St SE SE SE Set SE et SE At SE At SE ot SE Ht 3 At SP i 


1680 * CALCULATION & PRINTOUT FOR PART b: 

| 6 QL 3 Ae Ae ee Ae Se Be ee Se Se SO Se AE Se SE Se SE Set SE Se SE St SE SE SE SE SE Ae SE Ae SE SE AE ot SE At SE at AE ot 
1700 PRINT: PRINT : PRINT * PART b:7 

1710 PRINT “------- 

1720 LPRINT: LPRINT : LPRINT ~ PART b:” 

1730 LPRINT *------- 
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1740 LET U.S 1=J.5/10:J.S2=CINT(10°U.S 1) 

1750 LET J.S3=0 ‘because CF=0 

1760 LET J.S4=J.53/10 : J.S5=10U.S4 

1780 LET R2=CINT(RI *((J.S5/0.52)°( 1 /4))) 

1790 PRINT :PRINT ~ 1(b). R2=(R 1*((9/SIZ27(5/S91)°C1/ 4) =" R2°KMN"; ": RANGE AT WHICHTHE 
ROUNDS BURNS TROUGH" 

1800 LPRINT:LPRINT ~ 1(b). R2=(R 1*((S/S)2/(5/S) 1)%1/4)))=";R2;°KM";" : RANGE AT WHICH 
THE ROUNDS BURNS TROUGH” 

1810 RETURN 


74 M3) 


me 

1. fO= 16.1 GH2 
2.Pa= 80 KW 

3. Ga= 46 db 
4.Gp= 16 db 

5. fp= 8600 MH2 


6.T=.25 micsec. 


7.F= 12 db 
8.Bn= SMH2 


9.Ta= 290 KELVIN 


10. $8= 25 Deg. 


11. Sr= 167 seans/sec : 


12. Pj= 100 W 
13. Brf= 20 MHz 
14 Gj=23 ad 
15. R= 20 KM 
16. U.S= 24 db 
17. CF=Odb 

18. Lp= 3 db 
19. RI- 4 KM 
BEAM 


PART 4: 





eo benim) 


: OPERATING FREQ 


>: PEAK POWER 

> ANTENNA MAIN BEAM GAIN 

: ANTENNA SIDELOBE GAIN 

ae 

»PULSE WIDTH 

: RECEIWER NOISE FIGURE 

: RECEIVER NOISE BANDWIDTH 

: ANTENNA NOISE TEMPERATURE 
> ANTENNA SECTOR COVERAGE 


ANTENNA SCANRATE 


; QUTPUT POWER OF THE JAMMER 

>RF NOISE BANDWIDTH OF THE JAMMER 

: ANTENNA GAIN OF THE JAMMER 

>RANGE WHERE THE JAMMER IS POSITIONED 

. (J/S) RATIO 

: CAMOFLAGE FACTOR 

> PLUMBING LOSSES 
>RANGE AT WHICH THE MORTGW ROUND PASSES THRQUGH THE R40A% 


1 (a). J=PJ*Gj*8n*Ae/(4*P|*R°2*Lp)= 549682 £-09 WOR -92.5989 dbw OR -52.5989 dbm: 


NOISEJAMMING POWER 


Pe Ralo: 


1(b). R2={R 1 *C(S/S)2/(S 7S) 19°C 74)))= EKM: RANGE AT WHICH THE ROUNDS 8URNS TROUGH 


10 
20 
30 
40 
30 
60 
70 
BO 


PRINT : PRINT TAB(30); “ PROBLEM *6° 
Seeiagveo), ---_-—-——= " 
LPRINT : LPRINT TAB(30); “ PROBLEM *5" 
LPRINT TAGB(S0); * ---------- : 
Dim F(a) ,104), Sav(4).N(4), ¥(4),m(4) mi (4),m2(4) 
PRINT : PRINT ~ ENTER THE AVERAGE VALUE OF THE CLOUD CROSS SECTION S1 INGbsm 
INPUT $1 
PRINT : PRINT “ ENTER THE CROSS SECTION OF THE INDIVIDUAL DIPOLES $2,53 IN 


milinches” 


90 

1Q0 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 


INPUT 52,53 

PRINT : PRINT “ ENTER THE STEP OF THE FREQ. f(1),f(2),...IN GH2” 
INPUT f(1),1€2),f(3),1(4) 

LET C=3*10°10 ‘cm/s 
LET #C 1 )=f(1)* 1079: 1€2)=f(2)* 1079: 1 3)=f(Z)* 10S . 4)=f(4)* 10S 
LET $4=$2*S3* 10°-6%(2.54)°2 ‘convertion from inches to cm.sq. 
FOR I=1T04 

Mi=C/T{1) 

Sav(h=.15*1(1)*2 

N(I)= $1* 100/Sav(1) 

NCIJ=CSNG( 100* N(1)) 

¥(I)}=CSNG(S4%1(1) *NC1)) 

m(1}=CSNG(2.7*¥(1)) 

m1(1)=CSNG(m(1)/S 1) 

m2(1=CSNG(m(1)}/(455*5 1)) 

NEXT | 

PRINT :PRINT “GI WEN 


PRINT :PRINT © a.S1=";S1;"dbsm"; °: AVERAGE VALUE OF THE CLOUD CROSS SECTION” 
LPRINT :LPRINT “a.St=";S1;"dbsm’";~: AVERAGE VALUE OF THE CLOUD CROSS SECTION” 
PRINT: PRINT “ b. 52%53="°;52°x"°S3;"mi.inch”;~ : CROSS SECTIONAL DIMENSIONS OF THE 


INDIVIDUALDIPOLES” 


320 


LPRINT : LPRINT ~ 9. S$2x93=":92"%"S3;°sq.m"; ”: CROSS SECTIONAL DIMENSIONS OF THE 


INDIVIDUALDIPOLES” 


a ih 


400 
410 
420 
430 
440 
4350 
450 
470 
460 


PRINT :PRINT “c. f=";f(1)/10°9;7(2)/ 10°9;1(3)/10°9;1(4)/10°9;°GH2"; * : FREQ. STEPS” 
LPRINT : LPRINT °c. f=°;101)/ 10°S;1(2)/ 10°9;1(3)/10°9;104)/ 10°9;"GH2"; “ : FREQ. STEPS” 
PRINT : PRINT: PRINT “ OUTPUT” 


LPRINT LPRINT:LPRINT * OUTPUT” 

LPRINT * ------ ‘ 

FOR !=3 TO 60 

PRINT *-"; 

LPRINT °-"; 

NEXT | 

PRINT : PRINT “{ ([GHz]",“I{eml",“Sav{emsq.J}",° N° 
LPRINT : LPRINT °f [GH2)",“I[ecm]",“Sav[em $q.]°,” N° 
FOR |=3 TO 60 

PRINT “-": 

LPRINT *-"; 

NEXT | 
PRINT : PRINT 1(1)/10°9,1(1),Sav€1),N(1) 
LPRINT :LPRINT f(1)/10°9,1€1),Sav(1),NC1) 

FOR |=3 TO 60 

PRINT *-"; 

LPRINT °-’; 

NEXT | 
PRINT : PRINT 1(2)/10°9,1(2) Sav(2) N(2) 
LPRINT -LPRINT £(2)/ 10°9,1(2) Sav(2),N(2) 

FOR I=3 TO 60 

PRINT *-": | 
LPRINT “-"; | 
NEXT | | 
PRINT. : PRINT 1(3)/10°S,1(3),Sav(3),N(3) 
LPRINT -LPRINT 1(3)/ 10°9,1(3),Sav(3),N(3) 

FOR I=3 TO 60 

PRINT °-"; 

LPRINT °-"; 

NEXT | 

PRINT PRINT 1€4)/10°9 14) Sav(4),M(4) 


680 LPRINT :LPRINT 1(4)/ 10°9,1(4),Sav(4),N¢4) 
690 FOR I=3T0 60 


moo) PRINT “-"; 
fee LPRINT “-"; 
fee ELT | 


730) =69PRINT : PRINT : PRINT “TABLE CONTINUE ;” 

740 ~=6LPRINT : LPRINT : LPRINT “TABLE CONTINUE -~ 

750 PRINT: PRINT ~ ¥[cu.cm]”,” mlgrms]",“m/S tIgrms/sq.mJ°,° m/Si[lbs/3q.mJ° 
760 LPRINT:LPRINT “Vicu.cm]*,” migrms)]*,"m/S I[grms/sq.m]";- m/S i[lbs/sq.mJ° 
770 =FOR1=3 TO 60 


780 = PRINT “-"; 
790 ~=LPRINT “-"; 
SOO) =NEXT I 


810 PRINT: PRINT V01),m(1),m1¢1),m2¢1) 
820 = LPRINT :LPRINT V0.1), m(1),m1C1),m201) 
B30 =69—FOR 1=3 TO 60 


B40 =~ PRINT “-"; 
650 = LPRINT “-"; 
860 NEXT I 


870 PRINT: PRINT V(2) m(2).m 1(2),m2(2) 
B80 LPRINT:LPRINT V(2),m(2).m 1(2),m2(2) 
880 FOR 1=37T0 60 


900 PRINT “-"; 
emo LPRINT -"; 
920 NEAT | 


930 PRINT: PRINT ¥(3),m(3),m 1(3),m2(3) 
940 LPRINT:LPRINT ¥(3),m(3),m1(3),m2(3) 
950 FOR l=3T0 60 


960 PRINT “-"; 
970 LPRINT “-"; 
980 =NEXT | 


9890 PRINT: PRINT V(4),m(4),m 1(4),m2¢4) 

1000 LPRINT:LPRINT V(4),m(4),m 1(4),m2¢4) 

1010 PRINT: PRINT “00 YOU WANT TO TRY AGAIN ANQHTE Y/N?" 
1020 INPUT AS 


1030 IF LEFT$(A$, 1)="¥" OR LEFT$(A$,1)="y" THENLPRINT : LPRINT : GOTO 60 
1040 END 





20) o| leds 


GIVEN 

a.Si= 10 dbsm - AVERAGE YALUE OF THE CLOUD CROSS SECTION 
D.S2k53=.5X 5mMiinch :CROSS SECTIONAL DIMENSIONS OF THE INDIVIDUAL DIPOLES 
Gel= 1 2-5 10 GH2 Moe EU STEPS 





QUTPUT 

a ee eee 
_— sos mor 
2 SaaS 286288 
a ar ee 
oo 8 argh 


TABLE CONTINUE: 
Vicucm]  migrms]) m/Silgrms/sa.m] m/S1[1bs/sq.m] 


358422 967739 OS6?77S9 90021269 

7188s 195843193548 (cnazsse 
79211 4a3e7 40367 tossas 
ss0c22 967759 96773902 
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PRINT : PRINT TAB(39); “ PROBLEM #7 ~ 
BeINT TAERSO}; | ssavecsn ° 

GOSUEB 100 : GOSUB 1080 

GOSUB 1390 :GOSUB Iedo 


PRINT PRINT “ BDO YOU WANT TO TRY AGAIN FOR OIFFERENT OR THE SAME DATA VTi” 


INPUT D$ 
IF LEFT$(D$,1)="¥" OR LEFT$(D$,1)="y° THEN 30 
END 


* 5b 4b 5b 4b SE 4b SE Sb SE 4b 4b 40 5b 4b 38 4b SE 40 SE 40 SE 4b SE 4 SE 4 48 4b SE 40 48 St 


INPUTS THE DATA 


* Sh 4h Sb 4b SE 4b 48 4b 48 4b 48 4b SE 4b 4A Ae 48 46 SE 4b 58 40 SE 4b 4b 40 SE 40 48 40 SE 4 


PRINT : PRINT “ ENTER THE PEAK POWER Po IN MW" 

INPUT Pp: PRINT: PRINT” 1.Po=";Pp;"MWw" 

PRINT : PRINT “ ENTER THE PULSE ‘WIDTH T IN micsec.” 
INPUT T : PRINT : PRINT ° 2. T=";T;"micsec.” 

PRINT: PRINT “ENTER THE P.R.F fp INH2” 

INPUT fp: PRINT : PRINT ° 3. fp=";fp;"H2° 

PRINT : PRINT “ENTER THE ANTENNA GAIN Ga IN db° 

INPUT Ga: PRINT : PRINT “4. Ga=";Ga;"db" 

PRINT: PRINT “ENTER THE OPERATING FREQ. 10 IN GH2" 
INPUT fO: PRINT : PRINT © 5. f=" ;10;°GH2" 

PRINT :PRINT “ ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MH2- 
INPUT Bn: PRINT : PRINT * 6. Bn=";Bn;-MH2° 

PRINT : PRINT “ENTER THE ANTENNA SCAN RATE Wm IN RPM 
INPUT Wm: PRINT PRINT 7. Wisin. 

PRINT : PRINT “ ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg.” 
INPUT A.B: PRINT : PRINT ° 8. A.B=";A.B;"Deg.” 

PRINT : PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db- 
INPUT F : PRINT : PRINT “9. F=";F:"db" 

PRINT : PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE Ta IN KELVIN" 
INPUT Ta: PRINT : PRINT * 10. Ta=";Ta;"KELVIN 

PRINT: PRINT ° ENTER THE PLUMBING LOSSES Lp IN db” 
INPUT LD: PRINT SPRINT ~ 11 Co= Lp; db 

PRINT : PRINT “ENTER THE FALSE ALARM PROBABILITY Pia” 
INPUT Pf PRINT: PRINT ~ 12. Pfa=";CSNG(PTa) 





440 
450 
460 
470 
480 
490 
500 
310 
320 
939 
540 
950 
360 
570 
580 


PRINT : PRINT “NOW GO TO PART a AND INPUT THE DATA® 
PRINT : PRINT “ENTER THE CROSS SECTION OF THE NON-FLUCTUATING TARGET S INdbsm* 
INPUT S: PRINT : PRINT" 13.S=°;S:"dpsm" 

PRINT : PRINT “ ENTER THE PROBABILITY OF DETECTION Pa" 

INPUT Pd: PRINT: PRINT" 14. Pd="sP¢ 

PRINT : PRINT “GO TO PART b AND INPUT THE DATA” 

PRINT : PRINT “ENTER THE CROSS SECTION OF THE TARGET AIRCRAFT S1 IN dbs 
INPUT S1: PRINT: PRINT * 15.51=";S1;"dbsm* | 
PRINT : PRINT “ ENTER THE CROSS SECTION OF THE CHAFF CLOUD $2 1N sq.m” 
INPUT S2: PRINT : PRINT * 16. 52=°;S2:"sq.m° 

PRINT : PRINT ~ ENTER THE RADAR-TARGET DISTANCE R INKM" 

INPUT R: PRINT : PRINT ~ 17. R=":R;"KM" 

PRINT: PRINT “ ENTER THE RADIAL VELOCITY OF THE TARGET Ut INKNOTS” 
INPUT Ut: PRINT: PRINT ° 18. Ut=";Ut KNOTS" 

PRINT : PRINT “IS THE INPUT DATA CORRECT Y/N?" 

INPUT A$ 

IF LEFT$(A$,1)="Y" OR LEFT $(A$, 1)="y" THEN 1060 

PRINT : PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 

PRINT : PRINT “ 1. THE PEAK POWER?",” 2. THE PULSE WIDTH?” 

PRINT : PRINT “3. THE PRF?”,” 4. THE ANTENNA GAIN?” 

PRINT: PRINT “5. THE OPERATING FREQ.?”,” 6. RECEIVER'S NOISE BANDWIDTH?” 
PRINT : PRINT ~ 7. THE ANTENNA SCAN RATE?™,” 8. THE AZIMUTH BANDWIDTH?" 
PRINT : PRINT ” 9. THE RECEIVER'S NOISE FIGURE?”,” 10. THE ANTENNA NOISE 


TEMPERATURE ?™ 


390 
600 


PRINT: PRINT “ 11. THE PLUMBING LOSSES?”,” 12. THE FALSE ALARM PROBABILITY?” 
PRINT : PRINT © 13. THE CROSS SECTION OF THE TARGET IN PART a7", 14. THE 


PROBABILITY OF DETECTION OF PART a?” 


610 


PRINT: PRINT “ 15. THE AIRCRAFT'S CROSS SECTION IN PART b?”,” 16. THE CHAFF'S CROSS 


SECTION OF PART b?” 


620 


PRINT : PRINT ~ 17. THE RANGE OF THE TARGET?™,” 18. THE RADIAL VELOCITY OF THE 


AIRCRAFT ?° 


630 
640 
20 
60 


Ch 


CJ» 


INPUT C$ 

IF C$="1" THEN PRINT: PRINT “ ENTER THE PEAK POWER Pp IN MW" 

IF C$="1" THEN INPUT Pp: PRINT : PRINT“ 1. Po=";Pp;"MW": GOTO 1000 
IF C$="2" THEN PRINT. PRINT “ ENTER THE PULSE WIDTH T IN micgec.” 
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670 IF C322) 


THEN INPUT T : PRINT : PRINT ” 2. T=":7;"micsec.” : GOTO 1000 
THEN PRINT : PRINT “ENTER THE P.R-F fp INHz” 
THEN INPUT fp : PRINT : PRINT "3. fp=":fp;"H2": GOTO 1006 
THEN PRINT : PRINT “ENTER THE ANTENNA GAIN Ga IN db” 
THEN INPUT Ga: PRINT: PRINT * 4. Sa=*:Ga;"ab" : SOTO 1090 
THEN PRINT : PRINT “ENTER THE OPERATING FREQ. £0 IN GHz" 
THEN INPUT [0 : PRINT : PRINT “5. {0=";f0;"GH2" : GOTO 1000 
THEN PRINT : PRINT ~ ENTER THE RECEIVER NOISE BANDWIDTH Bn IN MH2" 
THEN INPUT Bn: PRINT : PRINT ” 6. Bn=";Bn;"MHz": GOTO 1000 
THEN PRINT : PRINT “ ENTER THE ANTENNA SCAN RATE Wm IN RPM” 
THEN INPUT Wm: PRINT : PRINT "7. Wm=";Wm;RPM : GOTO 1000 
THEN PRINT : PRINT “ ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg.” 
THEN INPUT A.B: PRINT : PRINT ” 8. A.B=";A.B:"Deg.” : GOTO 1000 
THEN PRINT : PRINT " ENTER THE RECEIVER NOISE FIGURE F IN db” 
THEN INPUT F : PRINT : PRINT “9. F=":F:"db": GOTO 1000 

THEN PRINT : PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE Ta IN 


THEN INPUT Ta: PRINT : PRINT “ 10. Ta=";Ta;“KELYIN” : GOTO | 000 

THEN PRINT : PRINT “ ENTER THE PLUMBING LOSSES Lp IN dbo 

THEN INPUT Lp: PRINT: PRINT “ 11. Lo=";Lp;"db°: GOTO 1000 

THEN PRINT : PRINT “ ENTER THE FALSE ALARM PROBABILITY Pra” 

THEN INPUT Pfa: PRINT: PRINT ~ 12. Pfa=";CSNG(Pfa): GOTO i 0du 

THEN PRINT : PRINT “ ENTER THE CROSS SECTION OF THE NON-FLUCTUATING 


THEN INPUT S: PRINT : PRINT“ 13. S=°;5;>"ddsm°: GOTO 1900 

THEN PRINT : PRINT “ ENTER THE PROBABILITY OF DETECTION Pa" 

THEN INPUT Pd: PRINT: PRINT “ 14. Pd=";Pd : GOTO 1000 

THEN PRINT : PRINT ENTER THE CROSS SECTION OF THE TARGET AIRCRAFT 


THEN INPUT S1: PRINT: PRINT” 15.S1=";S1;"dbsm’ : GOTO 1000 
THEN PRINT : PRINT “ ENTER THE CROSS SECTION OF THE CHAFF CLOUD S2 iN 


THEN INPUT S2: PRINT : PRINT” 16. S2=";52;"sq.m° : GOTO 1000 
THEN PRINT : PRINT “ ENTER THE RADAR-TARGET DIST SNCE 2 Er 


680 IF C$="3° 
5S0 IF C$="3" 
700 “teGyj= 
710 TFC$= 4° 
720) Fite s: 
730 «IF C$="5" 
740 JE y=aGr 
750 IF ES="6" 
760 «(JF C$= 7° 
770 «IF C$="?" 
7e0 IF G32 5° 
790 «IF C$= a" 
600 IF eg-9" 
Slo. IF C$="9" 
B20 IF €$=" 10" 
KELVIN" 
B30 IF C$="10" 
840 «IF C$="11" 
B50 OIF C$="11" 
660 IF C$="12" 
670° if ©3= tes 
3880 «IF C$="13" 
TARGET SIN dbsm 
B30 1FGt=a1o) 
S00" IF Gyeslay 
910 IF C$="14 
920 IF C$="15" 
StIN dbsm° 
930) «IF C$="15° 
940 IF C$="16" 
$g.m 
950 IF C$="16" 
q50 JIG see 
970 IFE$=s 17° 


THEN INPUT R: PRINT: PRINT “ 17. R=";R>KM" GOTO 100 
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960 IF C$="18" THENPRINT : PRINT “ ENTER THE RADIAL VELOCITY OF THE TARGET Ut IN 
KNOTS” 

990 «IF C$="18° THEN INPUT Ut: PRINT: PRINT” 18 Ut=";Ut;KNOTS”: GOTO 1000 

1600 PRINT: PRINT “IS EVERYTHING 0.4 NOW?" 

1010 INPUT 6 

1020 IF LEFT$(8$, 1)="¥" OR LEFT $(B$, 1)="y" THEN GOTO 1060 

1030 PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

1040 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 
MALAKA’ 

1050 INPUTF$ :GOTOS40 

1060 RETURN 


| O70 "PPPS EBEBREBEBEBEBEBESBSEH ESSE 


1060 ‘' PRINTS THE INPUT DATA 

] GOD EA ee Ae ee et ee HE He He He a ee at Ae HE at at Ot 
1110 LPRINT : LPRINT TAB(3O); “ PROBLEM #7" 
Die UPRINT TAB(SQ); * --------= ‘ 

1130 LPRINT:LPRINT:LPRINT "GIYWEN" 


ine EPRINT © --------- . 

ioe Lr RINT :LPRINT 1. Pp=";Pp; Mw", ~ : PEAK POWER” 

1160 LPRINT:LPRINT ° 2.T=";T;"micsec.” ,° : PULSE WIDTH” 

1170 LPRINT:LPRINT “3. fp=";fp;H2° ,° : PRF™ 

1160 LPRINT :LPRINT "4. Ga=";64; db" , © > ANTENNA GAIN" 

1190 LPRINT :LPRINT “5. (O=°;10;"GH2" , ° - OPERATING FREQ.” 
1200 LPRINT:LPRINT “6. Bn=";Bn;“MH2" ,” : RECEIVER NOISE BANDWIDTH" 
1210 LPRINT:LPRINT” 7. wWm=";Wm;RPM ,~  : ANTENNA SCAN RATE™ 

1220 LPRINT:LPRINT “6. A.B=";4.8;"Deg” ,~ : AZIMUTH BEAMWIDTH™ 

1230 LPRINT -LPRINT “9. F=";F;"db" ,” RECEIVER'S NOISE FIGURE” 
1240 LPRINT:LPRINT” 10. Ta=";Ta; KELVIN” ,° : ANTENNA NOISE TEMPERATURE™ 
1250 LPRINT :LPRINT “11. Lp=";Lp;"db" , ” : PLUMBING LOSSES” 


1260 LPRINT:LPRINT “12.Pfa=";CSNG(Pfa),” : FALSE ALARM PROBABILITY" 
1270 LPRINT:LPRINT “ GIVEN DATA FOR PART a: 


Bement = ----------------- 
1290 LPRINT :LPRINT* 1. S=":5;"absm", : TARGETS CROSS SECTION 
}300 LPRINT -LPRINT “2. Pd="Pd ,” : PROBABILITY OF DETECTION’ 


1310 LPRINT:LPRINT “ GIVEN DATA FOR PART b: 


Des 


1320 LPRINT “ ---------------------- ~. == 
1330 LPRINT:LPRINT “1.S1=";S1;"dbsm”,”  : AIRCRAFT'S CROSS SECTION" 

1340 LPRINT:LPRINT *2.52=";52;"sqm",” : CHAFF’S CROSS SECTION” 

‘250 LPRINT : PRINT * 3. 22°Rs°KM" , ” -RADAR-TARGET DISTANCE” 
1360 LORINT:LPRINT “4. Ut=";Ut;knots”,” - RADIAL VELOCITY OF THE AIRCRAFT” 
1370 RETURN 


| SSL Be Ae ee ee ee ae ae Ot Se Se 4 St Oe Ot Ht St 50 St 40 Se 48 Se 48 48 te St 40 50 4 Se He se 


1390 © CALCULATION & PRINTOUT FOR PART a: 


] AOU * Be He $0 SE 4e SE 4b 48 Sb 4E Sb 48 Sb 48 Sb o8 Sb 48 Sb 48 Sb 46 46 46 SE 48 30 48 Oe 48 Oe 48 Oe 


1410 LET Pl=3.14159 : C=3*10°8 ‘m/s 
1420 LET K=1.38*10°-23 ‘BOLTZMAN'S CONST. j/deg. 
1430 LET TQ=290 "KELVIN 


1440 LET 10=f0*10°9 : 1=C/10 

i450 LET Pp=Pp*10°6 

1460 LET Gal=Ga/ 10: Ga2=CINT(10°Gal) 

1470 LET Ae-CSNG(I°2*Ga2/(4*PI)) ‘effective area 
1480 LET Lpl=Lp/10:Lp2=CSNG(10°Lp1) 

1490 LET Sa=5/10:Sb=10°Sa 

1500 LETFI=F/10:F2=10°F I 

1510 LET Te=CINT((F2- 1}*TO) 

1520 LET Bn=Bn*10°6 

1530 PRINT: PRINT” NOW FROM Fig. 2.7 (SKOLNIK Pg. 28) YOU CAN FIND THE (S/N) 1 SINCE YOU 
NOW :" 

1540 PRINT: PRINT “a. Pd=":Pd 

ISSO PRINT :PRINT “D.Pfa=";CSNG(PTfa) 

1560 PRINT: PRINT “ENTER THE (S/N)1,SN IN db” 

1S70 INPUT SN 

1580 LET SN1=SN/10:SN2=CINT(10°SN1) 

1590 LET n=(p*A.B/(6*wm) 

i600 PRINT : PRINT “FROM Fig. 2.8(a) (SKOLNIK Pg. 31) YOUCAN FIND THE INTEGR. IMR. FACTOR 
SINCE THE PROGRAM CALCULATED FOR YOY:” 

1610 PRINT PRINT “a.n=‘:n 

1§20 PRINT: PRINT “b. Pd=";Pd 

1630 PRINT: PRINT "c. af=":CSNGC1/Pfa) 

1640 PRINT. PRINT ” ENTER THE INTEGR. IMR. FACTOR li(n), Lit” 





1650 INPUT It 1 oe ey 
1660 LET I=CSNG(10*.4342945#*LOG(I11)) 
I67CLETRmax=(Pp*Ga2*Ae*Sb*lt 1 /((4* Pl) 2* *(Ta+Ta)*Bn*SN2*Lp2)) (1/4) 
1660 PRINT: PRINT: PRINT “PART a: 

Seer ii,  ------- ; 

1700 LPRINT:LPRINT:LPRINT “ PART a: 

ao LPRINE «------- 

1720 PRINT: PRINT ° 1.n=";n; °~:*OF HITS INTEGRATED” 

1730 PRINT : PRINT “2. (S/N) 1=":SN-"db": ">THE SIGNAL-TO-NOISE RATIO ~ 

1740 PRINT: PRINT” 3. W(nj="3111;°:THE INTEGR. IMPR. FACTOR” 

1750 PRINT: PRINT “4. nf=";CSNGC1/Pfa);”: FALSE ALARM NUMBER” 

1760 PRINT : PRINT ~ 5. 
Rmax=(Pp*Ge*Ae*S*li(n)/((4*P1)°2*K*(TatTe)*Bn*(S/N) 1 *Lp))*(1/ad)=":-CSNGC Remax’ Pac) 
"; > MAK. RANGE” 

1770 LPRINT:LPRINT ~ 1. n=";n;”:*OF HITS INTEGRATED” 

1780 LPRINT:LPRINT ° 2. (S/N)1=";SN;"db"; °: THE SIGNAL-TO-NOISE RATIO” 
1790 LPRINT:LPRINT ~ 3. H(nj=":111;°:THE INTEGR. IMPR. FACTOR” 

1800 LPRINT :LPRINT “ 4.nf=";CSNG(I/Pfa):°: FALSE ALARM NUMBER” 

1810 LPRINT:LPRINT ”S. 

Rmax=(Pp*Ga*Ae*S*li(ny/((4*P1)2*k *(TatTe)*Bn#(S/N) 1 *Lp))#¢1/4)=" CSNG(Rmaxs 1200) 
“." > MAX. RANGE” 
1820 RETURN 


| BSL Oe Ae AE Ae Ee ee He He ee Ht te He 5h AG 5k SE 5G SE St te St at Se 58 St te ae Ht ae tt 4 


1640 * CALCULATION & PRINTOUT OF PART b: 

1OSOQ BESS Se eR RRR RE EE ER Oe 
1860 LET fd=1.03*Ut/1 

1870 LET H=CSNG(4*(SIN(CPI*1d/fp))°2) 

1880 LET A=IE+16 

1890 LET CA=A*fp2/(2*P1°2*10°2) 

1900 LET CA=CINT(CAD 

1910 LETCAI=CSNG(10*.4342945**LOG(CA)) 
1920 LET SCin=51/52 

1930 LET SC=CINT(10*.4342945**LOG(SCin)) 
1946 LET SCout=CINT(SCin*H*CA) 

1950 LET SCout=CINT(10*.4342945**LOG(SCout)) 


Uaja} 


1960 PRINT: PRINT : PRINT “PART b: 

Ege ali ee 

1980 LPRINT :LPRINT: LPRINT * PART b:" 

1960 Leis o=-seeee 

2000 PRINT: PRINT" 1.(S/C)out=":SCout;"db": *: SIGNAL-TO-CLUTTER RATIC AT THE JLTAUT 
OF THE DELAY LINE CANCELLER™ 

2010 LPRINT :LPRINT * 1. (S/C)out=";SCout;"db";*:SIGNAL-TO-CLUTTER RATIO AT THE OUTPUT 
OF THE DELAY LINE CANCELLER” 

2020 RETURN 


PAIS: 


GIVEN 

1.Po= 1 MW 
2.T= |.4micsec. 
3. fp= B00 H2 

4. Ga= 26 db 
s= | GH2 

6. Bn= 1.5 MH2 
7.Wwm= 10 RPM 
6. A.B= 3.9 Deg. 
9.F= 9 db 

10. Ta= [OO KELVIN 
11. Lp= 2 ab 
12.Pfa= 1E-12 


GIVEN DATAFOR PART 8: 


1.S= 0 dbsm 
ged= 


GIVEN DATAFOR PART 3: 


1.Si- 1Odbsm 
meoc= 500 30.m 
3.R= 30KM 

4, Ut= 300 knots 


PART a: 
1. n= 52 


PROp tenet 


: PEAK POWER 
> PULSE WIDTH 
: PRE 
> ANTENNA GAIN 
: OPERATING FREQ. 
» RECEIVER NOISE BANDWIDTH 
> ANTENNS SCAN RATE 
: &cIMUTH BEAMWIDTH 
» RECEIVER'S NOISE FIGURE 
: ANTENNA NOISE TEMPERATURE 


: PLUMBING LOSSES 


>FALSE ALARM PROBABILITY 


: TARGET'S CROSS SECTION 


: PROBABILITY OF DETECTION 


: AIRCRAFT'S CROSS SECTION. 

: CHAFF’S CROSS SECTION 
>RADAR-TARGET DISTANCE 
RADIAL VELOCIT? OF THE AIRCRAF™ 


> *OF HITS INTEGRATED 


2. (S/N) 1= 15.6 db : THE SIGNAL-TO-NOISE RATIO 


4. nf= 1E+12 


: THE INTEGR. IMPR. FACTOR 
: FALSE ALARM NUMBER 


5.Rmex=(Pp*Gatae*s*ii(ny/((4*Pl)°2 "kK *(Ta+Te)*Bn*(S/N) 1 *L p01 /4)=89.4639K™ 4X. 


RANGc 
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PART D: 
1.(S/C)out= 12db:SIGNAL-TO-CLUTTER RATIO AT THE OUTPUT GF THE DELAY LINECANCELLER 


Zou 





PRINT : PRINT TAB(30); ” PROBLEM #8” 

PRINT TAB(30); * ----------" 

GOSUB 100:GOQSUS 1020 :GOSUB 1250 

GOSUB I410: GOSUB 1680: GOSUE 1690 

Poi PRINT 9BO YOUSVANT TO Te wAGAIN FER DIFFERENT OR THE SAME DATA (7? 
INPUT D4 

IF LEFT$(D$,1) ="¥" OR LEFT$(D$, 1)="y" THEN 30 

END 


* die ab Sh tab Ah eb Ab dp Ah eb Ah db Ah seb ah ee Ah Ab “Eb th Ah sb Ah Eh AD 4h Ab te AE 4p A OE 


INPUTS THE DATA 


° dh ab Sh th eh ab Sh th oh ee hh St eh Sb eh a 4h at 4h oh a ot a at 4h at a ot 4b 4 4 


PRINT: PRINT ~ ENTER THE RANGE OF THE OPERATING FREQ. f 10,120 INGH2" 
INPUT 110,120: PRINT: PRINT” 1. 110=°;110,°720=" ;f20;°GH2" 
PRINT : PRINT “ ENTER THE PEAK POWER Pp IN KW" 

INPUT Pp: PRINT : PRINT “ 2. Po=";Pp;"KW" 

PRINT : PRINT “ENTER THE PRF fp INH2° 

INPUT fp: PRINT : PRINT “3. fp=";fp;"H2" 

PRINT : PRINT “ENTER THE PULSEWIDTHT IN nsec.” 

INPUT T: PRINT : PRINT “4. T=";T;"ngac.” 

PRINT : PRINT “ ENTER THE ANTENNA GAIN Ga IN db” 

INPUT Ga: PRINT : PRINT ° 5. Ga=";Ga;"db" 

PRINT : PRINT “ ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg.” 
INPUT 4.8: PRINT: PRINT © 6. 4.B=";4.B;"Deg.” 

PRINT : PRINT “ ENTER THE ANTENNA SCAN RATE Wm IN RPM" 
INPUT Wm: PRINT : PRINT“ 7. Wm=";\Wms RPM 

PRINT : PRINT “ ENTER THE PLUMBING LOSSES Lo IN db” 

pues Cpe RINT PRINT ~ 38. Lp=";Lp; db™ 

PRINT : PRINT “ ENTER THE Rx NOISE FIGURE Rx IN db* 

INPUT Rx: PRINT : PRINT “9. Rx=";Rx:"db" 

PRINT : PRINT “ ENTER THE AIRCRAFT'S ALTITUDE Ha IN ft” 
INPUT Ha: PRINT : PRINT “ 10. Ha=";Ha;“rt 

PRINT : PRINT “ ENTER THE RANGE TO SUBMARINE Rs IN Kyards” 
INPUT RS: PRINT: PRINT” 11. Rs=":Rs:"Kyards” 

PRINT: PRINT “ENTER THE PERISCOPE RCS IN Sq. mm” 

INPUT RCS: PRINT: PRINT” 12.RCS=";RCS:"sq.m" 


Z Syl 


470 
480 
490 
500 
310 
520 
520 
540 
S50 
960 
570 
580 
590 
600 
610 
620 
630 
640 
GH2° 
650 
660 
670 
500 
5$0 


PRINT : PRINT “ NOW GO TOPART (a) AND INPUT : 

PRINT : PRINT “ ENTER THE AVERAGE DURATION OF THE SEA CLUTTER SPIKES t1fa IN Sec.” 
INPUT tifa: PRINT: FRING ~ 13.tife= tiie sec. 

PRINT : PRINT “ ENTER THE FALSE ALARM TIME Tfa IN sec.” 

INPUT Tfa: PRINT: PRINT ° 14. Tfa=";Tia;sec.” 

PRINT : PRINT “ NOW FROM PART (d) INPUT =” 

PRINT: PRINT “ ENTER THE POST DETECTION INTEGRATION PERIOD Ts IN sec.” 
INPUT Ts: PRINT: PRINT “ 15. Ts=°;Ts;"sec.” 

PRINT : PRINT “IS THE INPUT DATA CORRECT Y/N?" 

INPUT A$ 

IF LEFT$(A$, 1}="¥" OR LEFTS(A$,1)="y" THEN 1000 

PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?™ 

PRINT : PRINT ” 1. THE RANGE OF THE OPERATING FREQ?” 

PRINT : PRINT “ 2. THE PEAK POWER?” 

PRINT ( PEINT S, Boet me cs 

PRINT : PRINT “4. THE PULSEWIDTH?” 

PRINT : PRINT “5. THE ANTENNA GAIN?” 

PRINT : PRINT “6. THE AZIMUTH BEAMWIDTH?™ 

PRINT: PRINT “7. THE ANTENNA SCAN RATE?” 

PRINT: PRINT ~ 3. THE PLUMBING LOSSES?° 

PRINT : PRINT “ 9. THE RX NOISE FIGURE?” 

PRINT : PRINT ~ 10. THE AIRCRAFT'S ALTITUDE?” 

PRINT : PRINT “ 11. THE RANGE TO SUBMARINE?” 

PRINT : PRINT “ 12. THE PERISCOPE RCS?° 

PRINT : PRINT “ 13. THE AVERAGE DURATION OF THE SPIKES?” 

PRINT : PRINT “ 14. THE FALSE ALARM TIME?” 

PRINT: PRINT © 15. THE POST DETECTION INTEGRATION PERIOD?” 

INPUT C$ 

lF C$="1° THEN PRINT: PRINT “ ENTER THE RANGE OF THE OPERATING FREQ. f10,f20 IN 


IF C$="1" THEN INPUT 110,120: PRINT: PRINT * 1. £10=";f10,°720=";120;"GH2" : GOTO Sa 
IF C$="2" THEN PRINT : PRINT “ ENTER THE PEAK POWER Pp IN KW" 

IF C$="2" THEN INPUT Pp: PRINT: PRINT ~ 2. Pp=";Pp;"KW" : GOTO 940 

IF C$-"3" THEN PRINT: PRINT “ENTER THE PRF fp IN H2° 

lr C$=°3" THEN INPUT fp: PRINT: PRINT “3. {p= ;{p; H2 : GOTO 940 





880 


IF C$="4" 
IF C$="4" 
(ees= 5° 
iep= 5° 
ies="6° 
IF C$="6" 
ieey=" 7" 
ege7* 
IF C$="8" 
ees O° 
IF C$="9" 
IF C$="9° 
IF C$=" 10" 
[ees= 10° 
es= 11° 
IF C$="11" 
ie C$e" 12% 
ee $012" 
[es=.13° 


THEN PRINT : PRINT ~ ENTER THE PULSEWIDTH T IN nsec.” 

THEN INPUT T: PRINT : PRINT ~ 4. T=";T;nsec.” : GOTO 940 

THEN PRINT : PRINT “ ENTER THE ANTENNA GAIN Ga IN db" 

THEN INPUT Ga: PRINT : PRINT ~ 5.Ga=";Ga;"db" : GOTO 940 

THEN PRINT : PRINT “ ENTER THE AZIMUTH BEAMWIDTH 4.6 IN Beg. 

THEN INPUT A.B: PRINT: PRINT ° 6. A.B=";4.8;°Deg.” : GOT S40 

THEN PRINT : PRINT “ ENTER THE ANTENNA SCAN RATE Wm iN RPM" 

THEN INPUT Wm: PRINT : PRINT “7. Wm=";Wm;"RPM : GOTO 940 

THEN PRINT : PRINT “ ENTER THE PLUMBING LOSSES Lp IN db” 

THEN INPUT Lp: PRINT : PRINT ° 8. Lp=";Lp;"db” : GOTO 940 

THEN PRINT : PRINT “ ENTER THE RX NOISE FIGURE Rx IN db” 

THEN INPUT Rx: PRINT: PRINT ~ 9. Rx=";Rx;"db" . GOTO 940 
THEN PRINT : PRINT “ ENTER THE AIRCRAFT'S ALTITUDE Ha IN f%" 
THEN INPUT Ha: PRINT: PRINT ~ 10. Ha=";Ha;“ft" : GOTO $40 
THEN PRINT : PRINT “ ENTER THE RANGE TO SUBMARINE Rs IN Kyards” 
THEN INPUT Rs: PRINT : PRINT ~ 11. Rs=";R3;"Kyards” : GOTO 940 
THEN PRINT : PRINT “ENTER THE PERISCOPE RCS IN sq.m" 
THEN INPUT RCS: PRINT : PRINT “ 12. RCS=";RCS;"sa.m" : GOTO 940 
THEN PRINT : PRINT “ ENTER THE AVERAGE DURATION OF THE SEA CLUTTER 


SPIKES tifa IN sec.” 


alo IF C$="13" 
900 IF C$="14 
910 

eee |PC$-"15" 
sec.” 

poe iF $= 15° 
940 

950 INPUT BS 
960 

970 

980 

MALAKA" 

990 =6INPUT F$ 
1000 RETURN 


THEN INPUT tifa: PRINT : PRINT” 13. tifa=";tlfa;“sec.” : GOTO S40 
THEN PRINT : PRINT “ ENTER THE FALSE ALARM TIME Tfa IN sec.” 


IF C$="14" THEN INPUT Tfa: PRINT : PRINT ” 14. Tfa=";Tfa;"sec.” : GOTO 940 


THEN PRINT : PRINT “ ENTER THE POST DETECTION INTEGRATION PERIOG T SiN 


THEN INPUT Ts: PRINT: PRINT © 15. Ts=";Ts;"sec.” : GOTO 940 


PRINT: PRINT “ ISEVERYTHING O.K NOW?" 


IF LEFT $(B$,1)="Y" OR LEFT$(B$,1)="y" THEN 1000 
PRINT : PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 
PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD ANDEYVERYTHING WILL WORK FOR YOU 


: GOTO 480 


LOL QR ERE RHERAK EK SK EM eH KEK O Kee Kete ts 


1020 © PRINTS THE INPUT DATA 

| OSL FE ee AE EE HE HE He SE He He Ee Ee Ae Ae SE OO AE St AE St SE Ht HE 

1046 LPRINT : LPRINT TAB(30); “ PROBLEM #8" 

(O50 CPRINT TABGSO)) s=oe5----— : 

lOSGGSERRINT -LERINT GG yes 

POT Oe LORIN, “see =S ae er : 

1080 LPRINT: LPRINT” 1.f 10=°;f 10,°f20=";f20;"GH2° SPC(1);” : RANGE OF THE OPERATING 
FREQ.” 

1090 LPRINT:LPRINT ° 2. Pp=";Pp;"KW" SPC(10); °: PEAK POWER® 

1100 LPRINT:LPRINT “3. fp=";fp;"H2" SPC(9); “: PLR.F* 

1110 LPRINT : LPRINT~ 4. T=";T;“nsec.” SPC(8); °: PULSEWIDTH" 

1120 LPRINT: LPRINT °S. Ga=";Ga;"db" SPC(1 1); °: ANTENNA GAIN" 

1130 LPRINT :LPRINT ” 6. 4.B=";4.B;"Deg.” SPC(6); °: AZIMUTH BEAMWIDTH" 

1140 LPRINT -LPRINT “ 7. Wm=";Wm;"RPM" SPC(9); ~: ANTENNA SCAN RATE” 

1150 LPRINT: LPRINT “8. Lp=";Lp;"db" SPC{ 12); ~: PLUMBING LOSSES” 

1160 LPRINT: LPRINT “9. Rx=";Rx;“db" SPCC10); °: Rx NOISE FIGURE” 

1170 LPRINT :LPRINT “ 10. Ha=";Ha;“ft" SPC(8); “: AIRCRAFT'S ALTITUDE” 

1160 LPRINT: LPRINT” 11.R8=";Rs;"Kyards” SPC(6);~ : RANGE TO SUBMARINE” 

1190 LPRINT:LPRINT “12. RCS=";RCS;"sq.m" SPC(8);”: PERISCOP’S RCS* 

1200 LPRINT: LPRINT” 13. t lfa=";tlfa;"sec.” SPC(7);°: AVERAGE DURATION OF THE SEA 
CLUTTERSPIKES” 

1210 LPRINT :LPRINT” 14. Tfa=";Tfa;“sec.* SPC(6);” : FALSE ALARM TIME” 

1220 LPRINT: LPRINT” 15.Ts=";Ts;"sac.” SPC(9); *: POST DETECTION INTEGRATION PERIOD™ 
1250 RETURN 


] 7 AL, BESS A Se HA at EE Ah tb AG te 4h Sh Ah At SE 4d 4h Hd Sh ah Hh td Hh ae He oP he 


1250 * CALCULATION & PRINTOUT FOR PART (a) 

| POL Ot A He He Ae ae Ae se He ee ae AE oe Pe Me Ae AE Ae AE A He A a A EOE A HE A Ht 

1270 PRINT: PRINT : PRINT “ PART (@)° 

12B0 PRINT °-------- : 

{290 LPRINT:LPRINT : LPRINT * PART (a) 

1300 LPRINT ~-------- : 

1310 LET Pfaztifa/Tfa 

1320 PRINT : PRINT “FROM Ftg. 13.5 (SKOLNIK Pg. 479) YOU CAN FIND THE THRESHOLD LEVEL 
“TRSH™ SINCE YOU KNOW :” 

1330 PRINT. PRINT © a. Pfa=":Pfa;”: PROBABILITY OF FALSE ALARM 


234 


1340 INPUT “b. THE SEA STATE IS", K$ | 

1350 PRINT: PRINT “ENTER THE THRESHOLD LEVEL REQUIRED TO ACHIEVE Pfa-";Pf2 

1360 INPUT TRSH 

1370 LPSINT LPRINT " 1(a).Pfas";Pfa;” FALSE ALARM PROBABILITY” 

1380 LPRINT : LPRINT” 2(8). THRESHOLD=";7RSH;"db"; *: LEVEL THAT THE THRESH. MUST SE 37 
ABOVE THE MEDIAN CLUTTER TO ACHIEVEPfa=";Pta 

1390 RETURN 


| DOC HH Ae ee te ae ae He a ee Ht 5b ae 3b ab AE ae AE ae DE 8 40 8 4 48 5b 8 48 8 Oe ae Oh oe 48 


1410 ‘ CALCULATION & PRINTOUT FOR PART (b) 

| AOC Be ee ee He ae et Se ae a a ee 5E tb 3b 4b 4b ae 3h 8 48 48 4b 48 38 8 3b at Oh ae 3 at 9 

1430 PRINT: PRINT : PRINT “ PART (b)° 

fee PRINT © -------- : 

1450 LPRINT:LPRINT : LPRINT ° PART (b)° 

eeeeeeRin; -------- ; 

1470 LET C=3*10°8 : Pl=3.14159 : (20=f20*10°9 

[eo LET 1=-C/f20 

1490 LET Gal=Ga/10:Ga2=CINT(10°Gal) 

(S00 LET Lpl=Lp/10:Lp2=10°Lp! 

PO LET Pp=Pp* 10°73 

1520 LET Ae=CSNG(Ge2"1°2/(4*PI)) 

Poe” LET RS=Rs* 103" 914 

1540 LET sec=CINT(1/COS(A.B*PI/ 180)) 

1550 LET T=T*10°-9 

1560 PRINT: PRINT” FROMFIG 13.3 (SKOLNIK Pg. 475) YOUCAN FINO THE CROSS SECTION SINCE 
YOU KNOW :° 

1570 PRINT: PRINT ~ THE GRAZING ANGLE=";sec;" & THE POLARIZATION™ 

1580 PRINT: PRINT “ ENTER THE CROSS SECTION So IN db" 

1590 INPUT S0:S01=S0/10:502=10°So! 

1600 LET S=CSNG(Pp*Ga2*RCS*Ae/((4*P1)°2*Rs°4*Lp2)) 

IG 1METC 1=CSNG(Pp*Ga2*Ae*So2"*(A.B*PI/ 180)*(C*T/2)*sec/((4*Pl)°2*23°3*(Lp2/2))) 
1620 LET SC=S/C1 

1630 LET SC=CSNG( 10*.4342945**LOG(SC)) 

1640 PRINT: PRINT ~ 1(b). (S/C)m=";SC,"db"; ~: SINGLE PULSE SIGNAL-TO-CLUTTER RATIC AT 
THE RADARRECEIVER INPUT" 


Zo> 


THE RADARRECE|VER INPUT” 
1660 RETURN 


1G TC SOS SER E EES eRe EERE ERE ERE ES EE 


1620 ‘ CALCULATION & PRINTOUT FOR PART (c) 
Pee ererer etre rerere rere. 

{700 PRINT: PRINT : PRINT “ PART (c)° 

1710 PRINT “--------" 

1720 LPRINT :LPRINT : LPRINT ” PART (c)° 

1730 LPRINT “--------" 

1740 PRINT : PRINT “FROMTABLE | 1.1 (SKOLNIK Pg.426) SINCE YOU KNOW THE WEIGHTING 
FILTER YOUUSE, YOU CAN FIND :” 

1750 INPUT “a. THE PEAK SIDELOBE SLL IN db”,SLL 

1760 INPUT “b. THE LOSS IN db. LOSS 

1770 INPUT “c. MAINLOBE WIDTH (relative) MW" MW 

1780 LET flO=f10*10°S 

1790 LET W=f20-f10 

1800 LET Tc=T/(T *W)*M.W 

|S 1OLETA=CSNG(10*.4342945**LOG(2*T *W)-LOSS) 

1820 LET SCI=SC+A 

{630 PRINT: PRINT” 1(c). Tc=";Tc;"sec."; ": 3 db WIDTH OF THE COMPRESSED PULSE” 
1840 PRINT :PRINT * 2(c). (S/C)out=";5C 1;"db";” :SIGNAL-MEAN CLUTTER POWER” 
1850 LPRINT:LPRINT * 1(c). Tc=";Te;"sec.";":3 db WIDTHOF THE COMPRESSED PULSE” 
VE8C LERINT :LPRINT “2(c). (S/C)out=":SC | -"db";” : SIGNAL-MEAN CLUTTER FOWER” 
1870 RETURN 

[ROLLER a Ee ee EA Ee Eee 

1890 * CALCULATION & PRINTOUT FOR PART (a) 

1 GOL StF S SSSR ERE RE RHEE E ERR ERER ESE ELER EER 

1910 PRINT: PRINT : PRINT “ PART (d)° 

1920 PRINT “-------- . 

1930 LPRINT:LPRINT : LPRINT ” PART (d)" 

1940 LPRINT *-------- : 

1950 LET ns=A.B*fp/(6*wm) 

1960 LET n=ns*(300/60)*Ts 

'S7O PRINT. PRINT “ FROMFIG 2.8(a) (SKOLNIK Pg. 34) YOUCAN FIND THE 1(n) SINCE YCU KNC 


1980 PRINT:PRINT"@.*OFHITS=":7n 
1990 PRINT: PRINT "b. YOU'RE INPOST DETECTION CASE” 

2000 PRINT: PRINT “ ENTER THE INTEGRATION IMPR. FACTIOR It” 

2010 INPUT Ii 

2020 LET N1=CINT(10*.4342945**LOG(11)} 

meso LET B=SC1+11 

2040 PRINT: PRINT * 1(d). n="3n; ": #OF HITS" 

2050 PRINT :PRINT * 2(d).11(n)=";11;"db"; ": INTEGRATION IMPR. FACTOR" 

2060 PRINT: PRINT“ 3(d).(S/C)=(S/C)out+it(n)=":8:"db";” : INTEGR. IMPROVEMENT" 
2070 LPRINT :LPRINT * 1(d). n=":n; ": *OF HITS" 

2080 LPRINT :LPRINT * 2(d). [1(n)=";11;"db"; ": INTEGRATION IMPR. FACTOR" 

2090 LPRINT: LPRINT * 3(d).(S/C)=(S/C)out+!i(n)=":B;"db";" : INTEGR. IMPROVEMENT" 
2100 RETURN | 


FROBLEMSs 


GIVEN | 
1.110=9.5 f20= 10 GH2 : RANGE OF THE OPERATING FREQ. 

2.Pp= SOO KW : PEAK POWER | 
5. 1p= (oG0lHzZ PR 

4.T= 500 nsec. : PULSEWIDTH 

5. Ga= 35 db : ANTENNA GAIN 

6. A.B= 2.4 Deg. > AZIMUTH BEAMWIDTH 

7. ¥m= 300 RPM > ANTENNA SCAN RATE 

8.Lp=5 db : PLUMBING LOSSES 

9. Rx= 7.5 db > RX NOISE FIGURE 

10. Ha= 2000 ft > AIRCRAFT'S ALTITUDE 

11. Rs= 16 Kyerds ‘RANGE TO SUBMARINE 

12. RCS= 1 sq.m SS SC OS Bes 

13. tifa= 2 sec. - AVERAGE DURATION OF THE SEA CLUTTER SPIKES 

14. Tfa= 100 sec. ‘FALSE ALARM TIME 

Seca Cee: : POST DETECTION INTEGRATION PERIOD 

PART (a) 





(a). Pfa=.02 :FALSE ALARM PROBABILITY 
2(a). THRESHOLD= 12.5 db: LEVEL THAT THE THRESH. MUST BE SET ABOVE THE MEDIAN CLUTTER 
TG ACHIEVE Pfa=.02 


PART (D) 
1(b). (S/C)m=- 17.6325 db: SINGLE PULSE SIGNAL-TO-CLUTTER RATIO AT THE RADAR RECEIVER 
INPUT 


PART (c) 
1(C). Te= 000000003 sec.: 3 db WIDTH OF THE COMPRESSED PULSE 
2(c). (S/Cjout= 8.0172 db: SIGNAL-MEAN CLUTTER POWER 


PART (@) 

iaen= SC:“*OF HITS 

2(d). (n= 1a4db : INTEGRATION IMP&. FACTOR 
2(0).(S/C)=(S/C pout +i(nj= 22.0172 od: INTEGR. IMPROVEMENT 


TESS, 


( 


9YSUB Go . GOSuB 890 . GOSuB 
40 PRINT : PRine "DO yoy 


30 INPUT Dg 
60 IF LEFTS(p$ I="y« OR LEFT Spgs 
70 END 


S80 | eile Sam 


lta) PRINT : PRingy “ENTER THE OPERA 
120 INPUT fo: PRINT : Pris eT Oss 


240 INPUT fo) PRINT : PRI +9 , = 


250 PRINT - PRINT * ENTER THE Puts 
260 INPUT T. PRINT : Poy are “TAL Use 


ER THE CHAFF pry 


P= "fp: 
E WIDTH TIN Mcrosec . 
.T= T.microsec - 


1100 


WANT TO TRY AGAIN FOR OIFFERE ny OR THE 


H="y THEN 2p 


ee 


be Tere 


TING FREQ. to 


“H2*“ 


Sec.” 


IN GH>- 


S VEL OCITy SPREAD Su 
u= SU;"m/ 





360 INPUT SNout: PRINT: PRINT © 13. SNout=";SNout; db" 

370 PRINT: PRINT “IS THE INPUT DATA CORRECT Y/N?" 

380 =INPUT A$ 

390 «(IF LEFTS(A$,1)=°9" OR LEFT S(AS, 1)="y” THEN 870 

4CQ0 PRINT “ WHAT OF THE FOLLOWING DO YOU WANT TO CHANGE?” 

410 PRINT: PRINT © 1. THE OPERATING FREQ?" 

420 PRINT: PRINT “2. THE PEAK POWER?” 

430 PRINT: PRINT “3. THE ANTENNA GAIN?" 

440 PRINT:PRINT “4 THE AZIMUTH BEAMWIDTH?™ 

450 PRINT: PRINT” 5. THE RANGE OF THE ELEVATION COWERAGE ?° 

460 PRINT: PRINT “6. THE ANTENNA SCAN RATE?” 

470 PRINT: PRINT “7. THE P.R.F?™ 

460 PRINT: PRINT ° 8. THE PULSE WIDTH?” 

490 PRINT: PRINT “9. THE RECEIVER NOISE FIGURE?” 

900 PRINT: PRINT“ 10. THE AIRCRAFT'S RADAR CROSS SECTION?” 

510 PRINT: PRINT “ 11. THE RANGE OF THE AIRCRAFT?” 

520 PRINT: PRINT “12. THE CHAFF’S RMS VELOCITY SPREAD?" 

530 PRINT: PRINT ~ 13. THE CLUTTER-TARGET SIGNAL RATIO?" 

540 INPUT C$ 

550 IF C$="1" THEN PRINT: PRINT “ ENTER THE OPERATING FREQ. f0 IN GH2" 

560 IF C$="1° THEN INPUT f0:PRINT: PRINT “ 1. f0=";f0;°GH2": GOTO 310 

570 IF C$="2" THEN PRINT: PRINT “ ENTER THE PEAK POWER Pp IN MW" 

580 IF C$="2" THEN INPUT Pp: PRINT: PRINT "2. Po=";Pp;"Mw": GOTO 810 

590 «IF C$="3" THEN PRINT: PRINT “ENTER THE ANTENNA GAIN Ga IN db” 

600 IF C$="3" THEN INPUT Ga: PRINT: PRINT ” 3. Ga=";Ga;"cb" : GOTO 810 

610 IFC$="4" THEN PRINT: PRINT “ENTER THE AZIMUTH BEAMWIDTH A.B IN Deg.” 

620 {IF C$="4" THEN INPUT A.B. PRINT: PRINT “4 AB=";A.B;Deg.”:GOTOGi0 

630 IF C$="5" THEN PRINT: PRINT “ ENTER THE ELEVATION COVERAGE ECmin,ECmex IN Deg.” 

640 IF C$="5° THEN INPUT ECmin,ECmex: PRINT : PRINT “5. ECmin=":EC min; * 
ECmax=";ECmax;” Deg.”: GOTO 810 

650 IF C$="6" THEN PRINT: PRINT “ ENTER THE ANTENNA SCAN RATE Wm IN RPM” 

660 IF C$="6° THEN INPUT Wm: PRINT : PRINT “6. Wm=";Wm:"RPM” : GOTO 310 

670 IF C$="7" THEN PRINT: PRINT “ENTER THE P.R.F fp INH2™ 

Selmi Coe 4 THENIMPOT fp: PRINT: PRINT ¢. {p=jfp;H2:GO.0 dic 

690 IF C$="6" THEN PRINT: PRINT “ENTER THE PULSE WIDTH T IN microsec.” 


706 «IF C$="8" THEN INPUT T: PRINT : PRINT ° 8. T=";T;“microsec.” : GOTO 610 

710 IF C$="9° THEN PRINT: PRINT “ENTER THE RECEIVER NOISE FIGURE F IN db” 

720 «IF C$="9" THEN INPUT F: PRINT : PRINT” 9. F=";F;"db": GOTO 310 

730) «{F CS5="10" THEN PRINT: PRINT “ENTER THE AIRCRAFT'S RADAR CROSS SECTION FCS IM 
dosm” 

740) «IF C$=°10° THEN INPUT RES PRINT PRINT (0) RGS=5 so eels oemeen 

750 «IF C$="11° THENPRINT: PRINT “ ENTER THE RANGE OF THE AIRCRAFT R IN Km” 

760 IF C$="11° THEN INPUT R: PRINT: PRINT “11. R=";R;"Km": GOTO 8106 

770 IF C$="12" THEN PRINT : PRINT “ ENTER THE CHAFF RMS VELOCITY SPREAD Su IN m/sec.” 

780) «IF C$="12° THEN INPUT Su: PRINT : PRINT ~ 12. Su=":Su:"m/sec.” : GOTO 810 

790 «1F C$="13" THEN PRINT: PRINT “ENTER THE CLUTTER-TARGET SIGNAL RATIO (S/Njout Ih 
db“ 

B00 IF C$="t3" THEN INPUT SNout: PRINT: PRINT ” 13. SNout=";SNout;“db" : GCTC B10 

SiG PRINT: PRINT “1S EVERYTHING OK NOW?" 

820 INPUT BS . 

B30 IF LEFT $(B$,1)="Y" OR LEFT $(8$,1)="y" THEN GOTO 870 

B40 PRINT: PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

850 PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD ANDEVERYTHING WILL WORK FOR YOU 
MALAKA™ 

660 INPUT F$ :GOTO 410 

B70 RETURN 

B80 * SE ab eh 4b Sh eb a at SE at SE at SE ah SA Ht SE ae Se 4 at ae Se at a at tt Se at Sk 

B90 PRINTS THE INPUT DATA 

COD ea a eae eae ae ea aa ae a ee ae 

910 LPRINT - LPRINT TAB(3S0): ° PROBLEM *9° 

920 (LPRINIRRABI SO)  e=222- === : 

930 LPRINT:LPRINT “GIVEN 

940 LPRINT ” --------- : 

950 LPRINT:LPRINT * t. [0=";f0;"GH2" SPC(15); °: OPERATINGFREQ.” 

960 LPRINT:LPRINT™ 2. Pp=";Pp;-MiW" SPC( 18): ~: PEAK POWER” 

970 LPRINT:LPRINT” 3. Ga=";Ga;"db° SPC(17); ~: ANTENNA GAIN" 

960 LPRINT:LPRINT “4. A.B=";A.B;"Deg.” SPC(13); °: AZIMUTH BEAMWIDTH" 

990 LPRINT : LPRINT “S. ECmin=";:ECmin; “ ECmax=":ECmax;” Deg.”;~: RANGE OF ELEVATION 
COVERAGE” 


1000 LPRINT :LPRINT “6. Wm=";Wms RPM SPCC17); 7: ANTENNA SCAN RATE” 
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1010 LPRINT:LPRINT * 7. (p=";fp;"H2° SPC(16); * :P.R.F 

1020 LPRINT : LPRINT “8. T=";T;“microsec.” SPC(12); “: PULSE WIOTH™ 

1030 LPRINT:LPRINT ° 9. F=";F;“db" SPC(19); ": RECEIVER NOISE FIGURE” 

PeeOeEPRING LPRINT TORCS="-RCS;“cbsm’ SPC(13);~: AIRCRAFT'S RADAR CRISS TEC CW 
1050 LPRINT:LPRINT © 11. 8=°;R3°Km" SPCC 18); ©: RANGE OF THE AIRCRAFT" 

1060 LPRINT:LPRINT “12. Su=";Su;"m/sec.” SPC(13);°: CHAFF RMS VELOCITY SPREAD" 

1070 LPRINT :LPRINT ° 13. SNout=";SNout;“db° SPC(1 1); °: CLUTTER-TARGET SIGNAL RATIO 
(S/N)out* 

1080 RETURN 


} ODL ee ee te Ae Se ae ee et St at te 3 oe 3 He Ot He 3b 48 5640 5B 4h SEE SE 40 SO 0 SE He 


1100 ° CALCULATION & PRINTOUT OF THE OUTPUT 

BPOLiC Trt te iri tir rerrirtrtrrerr ist rr. 

1130 PRINT: PRINT : PRINT ” OUTPUT 

in) SPRINT “ ------ ° 

1150 LPRINT:LPRINT :LPRINT “ OUTPUT” 

iais0 UPRINT °*------ ; 

pwo LET C=3*10°6 

1180 LET fO=f0*10°9 

1190 LET 1=C/fo 

Peo0" LET Pl=3.14159 

1210 LET imax=CINT(fp°2*1°2/(16*P1°2*Su)*(4)) 

1220 LET Imax 1l=CSNG(10* 4342945**LOG(imax)) 

1230 PRINT: PRINT“ THE BEST IMPROVEMENT THE DELAY LINE CANCELER WILL PROVIDE iS - 
1240 PRINT : PRINT “ Imex=";lmex;“numeric’;” OR”: Imax1;“db" 
1250 LPRINT : LPRINT~ THE BEST IMPROVEMENT THE DELAY LINE CANCELER WILL PROVIDE I5 ~" 
1260 LPRINT :LPRINT “!max=";Imax;“numeric’;” OR” ;Imax 1 ;"db" 
1270 LET SNin=-SNout-Imax | 

1260 LET SNin=SNin/10:SNin=10°SNin 

1290 LET N=CSNG(RCS/(.15%1°2*SNin)) 

1300 PRINT : PRINT “N=";N;°: DIPOLES IN RESOLUTION CELL” 
1310 LPRINT : LPRINT ” N=":N;°: DIPOLES INRESOLUTION CELL” 
1320 RETURN 
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meOCl Silas 





GIVEN 

1.fO= 1.3 GH2 : OPERATING FREQ. 

2.Pp= 2 MW : PEAK POWER 

3.Ga= 35 db : ANTENNA GAIN 

4, A.B= 1.3 Deg. > AZIMUTH BEAMWIDTH 

5. ECmin= .2 ECmax= 45 Deg. : RANGE OF ELEVATION COVERAGE . 
6.wm= 5 RPM : ANTENNA SCAN RATE | 
7 10= So0nl2 PiRasue 

6.T= 6 microsec. : PULSE WIDTH 

So F= Sis » RECCIVER NOISE FIGURE 

10, RCS= 10 dbsm : AIRCRAFT'S RADAR CROSS SECTION 

11.R= 100Km > RANGE OF THE AIRCRAFT 

|2. Su= 1 m/sec. > CHAFF RMS VELOCITY SPREAD 

13, SNout= 160 db : CLUTTER-TARGET SIGNAL RATIO (S/N)out 

OUTPUT 





THE BEST IMPROVEMENT THE DELAY LINE CANCELER WILL PROVIDE IS - 
Imax= 17S numeric OR 22.4304 db 
N=2190750 :OIPOLES IN RESOLUTIONCELL 
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10 PRINT : PRINT TAB(30); * PROBLEM #10" 

20 PRINT TAB(30); * ---------" 

30  GOSUB 100 : GOSUB510 

40 GOSUB S40 :G05U3 790 

50 PRINT. PRINT " DO YOU WANT 79 TRY AGAIN FOR DIFFERENT OR THE SAME DATA ¥. 7" 
60 INPUT DS$ 

70 IFLEFT$(D$,1)="¥" OR LEFT$(D$,1)="y" THEN 30 


80 = END 
90 * Se 4b Sh 40 Ob 4b 4b 40 4b 4b 4h 40 Se 40 3h 4b 40 4b oe 4b Sb 4b ae ob ae 4b ae tb ae ob 6 oh 
on INPUTS THE DATA 


1 1d * Sh 4b Sh ab Sh 4b ah 4b Sh 4b Sh 4b Sh 4b ae 4b 4h 4b Se tb Sh Ob OF 4b ae 4b ae Ob Oe 4 ae op 


120 PRINT: PRINT “ ENTER THE SWEEP RANGE F 1,F2 OF THE HF RECEIVER IN MH2" 

Poerineor ef 2 PRINT: PRINT 1.F 1-F2=";F 1°-"F2;“MH2" 

feo) PRINT: PRINT ENTER THE TIME THAT THE RECEIVER SWEEPS THE ABOVE RANGE CF FREI” 

1SO INPUT T: PRINT: PRINT ° 2. T=":T;“times/sac.” 

160 PRINT: PRINT “ ENTER THE FREQ. RESOLUTION OF IN KH2" 

170 INPUT OF: PRINT : PRINT ” 3. DF=";DF;"KH2" 

180 PRINT: PRINT “ ENTER THE RECEIVER NOISE FIGURE F IN db” 

190 INPUT F: PRINT : PRINT “4. F=";F;"db" 

200 PRINT: PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE Te IN KELVIN 

210 INPUT Ta: PRINT: PRINT ° 5. Ta=";Ta;“KELVIN? 

220 PRINT: PRINT “IS THE INPUT DATA CORRECT Y/N?" 

230 =INPUT A$ 

240 IF LEFTS(A$,1)="Y" OR LEFT$(A$, 1)="y" THEN 490 

250 PRINT: PRINT “ WHAT OF THE FOLLOWING DBO YOU WANT TO CHANGE?” 

260 PRINT: PRINT” 1. THE SWEEP RANGE?” 

270 =PRINT : PRINT “2. THE TIME THE RECEIVER SWEEPS THE ABOVE RANGE?” 

260 PRINT: PRINT ” 3. THE FREQ. RESOLUTION?™ 

290 PRINT: PRINT “ 4. THE RECEIVER'S NOISE FIGURE?” 

300 PRINT: PRINT “5. THE ANTENNA NOISE TEMPERATURE?” 

310 INPUT C$ 

320 «IF C$="1" THEN PRINT: PRINT “ENTER THE SWEEP RANGE F1,F2 OF THE HF RECEIVER IN 
MH2" 

eet Oe Te eHEN INPUT FIZ: PRINT PRINT TF I-F2= fF 1°-F2:MH2": GOT? 230 

340 {IF C$="2° THEN PRINT: PRINT “ ENTER THE TIME THAT THE RECEIVER SWEEPS THE ABCVE 


245 


RANGE OF FREQ. 


3390 


450 
440 
450 
460 
470 


IF C$="2" THEN INPUT T: PRINT: PRINT © 2. T=";T;“times/sec.” : GOTO 430 

IF C$="3" THEN PRINT : PRINT “ ENTER THE FREQ. RESOLUTION OF IN KH2" 

IF C$="3" THEN INPUT OF : PRINT: PRINT ° 3. OF=";DF;"KH2": GOTO 450 

IF C$="4" THEN PRINT : PRINT ~ ENTER THE RECEIVER NOISE FIGURE F IN Jb” 

IF C$="4" THEN INPUT F: PRINT : PRINT “4 F=":F;"db": GOTO 430 

IF C$="5" THEN PRINT : PRINT “ ENTER THE ANTENNA NOISE TEMPERATURE To INKELVIN™ 
IF C$="5"° THEN INPUT Ta: PRINT : PRINT “5. Ta=";Ta;“KELVIN” : GOTO 430 

PRINT : PRINT * 1S EVERYTHING 0.K NOW?" 

INPUT B$ 

IF LEFT $(B$,1)="¥" OR LEFT$(B$, 1)="y" THEN GOTO 490 

PRINT : PRINT “ WHAT DO YOU WANT TO CHANGE AGAIN?” 

PRINT: PRINT “HIT ANY KEY IN YOUR KEYBOARD AND EVERYTHING WILL WORK FOR YOU 


MALAKA: 


480 
490 
300 
319 
520 
350 
340 
Sal, 
5360 
370 


INPUT F$ : GOTO 260 
RETURN 


* OR dab 3B dab SE ab SR tab a 4b SR ab OB tb Oh tb Ah eb OB ab OB ab OB ab OR ab OB ab OE ob OE 4 


PRINTS THE INPUT DATA 


* SR ab Ab tb Se ab aah Uh eb ah a ae tb SO Sb eb a ab at $b Sb a 4 St a et tt 


LPRINT : LPRINT TAB(30); ” PROBLEM #10" 
LPRINT TAB(30); ” ---------- 
LPRINT :LPRINT "GIVEN" 


LPRINT:LPRINT ” 1.F 1-F2=";F 1°-"F2;"MH2° TAB(20); “: SWEEP RANGE OF THE HF 


RECEIVER” 


380 


LPRINT : LPRINT “2. T=";T;“times/sec.” TAB(20); ”: TIME THAT THE RECEIVER SWEEPS THE 


ABOVE RANGE OF FREQ.” 


390 
6500 
610 
620 


LPRINT : LPRINT ° 3. DF=";DF;"KH2" TAB(20); ~ : FREQ. RESOLUTION” 

LPRINT : LPRINT © 4. F=";F;“db° TAB(20); “ :RECEIVER NOISE FIGURE” 

LPRINT: LPRINT “5. Ta=";Ta; KELVIN” TAB(20);° : ANTENNA NOISE TEMPERATURE™ 
RETURN 


* Sh ee a sab Sh seb Hh at Sh at et tb Hh Sh ae et 4h eh et Sh Sh bh et Sh ah bb 4h ad 4h ad 4h ok 4h ad a oh eh oh 


' CALCULATION & PRINTOUT FOR PART a: 


OA ae we Re te Ab at Ae ee et eS et at Sd at 4k St he eo et ok at tO tt 1 Ot 


LET W1=(F2-F 1)/(1/T) 
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670 LETT1=1/(DF*10°3) 
680 LET W=WI*T1*1000 ‘KHz 
590 PRINT: PRINT : PRINT “PART a:" 


710 LPRINT:LPRINT : LPRINT * PART a: 
720 LPRINT * ------- 

730 PRINT: PRINT * W=";W;"KH2"; ": BANDWIDTH OF THE RECEIVER'S FILTER” 
740 LPRINT :LPRINT ”W=";W;"KH2”; ”: BANDWIDTH FOR RECEIVER'S FILTER” 
750 PRINT: PRINT ~ T=";7 1;"sec.;* : TIME DELAY FOR RECEIVER'S FILTER” 
760 LPRINT:LPRINT “T=":T1;"sec.”; ": TIME DELAY FOR RECEIVER'S FILTER” 
770 RETURN 


Vf 10 DtiaRialiatiatte Dale RalataRatateRalialaiataheRelahetehahehelehateheheleleieteleheheliel 


790 * CALCULATION & PRINTOUT FOR PART Db: 
OO) “7 A A Ae He Se He ee ee ee tt Ot eee SE Oe Se ae Se Oe Ee A Oe A Oe OP EO Oe A 
610 LET TO=Ta : Fi=F/10:F2=10°F 1 

620 LET Te=(F2-1)*TO : K=1.38*10°-23 

B30 LET MDS=K*(Ta+Te)*(1/(2*T 1)) 

840 LET MDS=CINT(10*.4342945**LOG(MDS)) 
850 LET MDS=MDS+F+30 

660 PRINT: PRINT : PRINT ” PART b:° 

870 PRINT “------- : 

880 LPRINT: LPRINT :-LPRINT * PART b:” 

890 LPRINT * -------" 

900 PRINT: PRINT “M.0.5=":MO0S-"dbm" 

910 LPRINT:LPRINT “M.0.S="."0S;‘dbm° 
920 RETURN 


Za 


GIVEN 

IE teh2= 2 O72 Mine 
2.T= 25 times/sec. 
3 DF=2 KHz 

4.F= 3db 

5. Ta= 290 KELVIN 


PART 8: 





PROBLEM * 10 


: SWEEP RANGE OF THE HF RECEIVER 
> TIME THAT THE RECEIVER SWEEPS THE ABOVE RANGE OF FREQ. 
: FREQ. RESOLUTION 

> RECEIVER NOISE FIGURE 

: ANTENNA NOISE TEMPERATURE 


W= 375 KH2: BANDWIDTH OF THE RECEIVER'S FILTER 
T=.0005 sec.: TIME DELAYFOR RECEIVER SFILTER 


a*) 


ART B: 
M.D.S=-138dbm 
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woanmemuinc, b&.B., Applied ECM, BW Engineering, Inc., 1978. 


249 


INITIAL DistRre Ute n is. 
No. CGpies 


Defense Technical” Tnicrmakioneecenter 2 
Cameron Station 
Alexandria, Virginia 22304-6145 


Library, Code 0142 2 
Naval Postgraduate School 
Monterey, California 93943-5100 


Hellenic Navy General Staff 4 
Geniko Epitelio Novtikou 

Stratopedo Papagou 

Athenes, Greece 


Professor Harold A. Titus, Code 62Ts 5 
Department of Electrical and 
Computer Engineering 
Naval Postgraduate School 
Monterey, California 93943-5100 


Professor J.M. Bouldry, Code 62Bo ili 
Department of Electrical and 
Computer Engineering 
Naval Postgraduate School 
Monterey, California 93943-5100 


Lt. C. Vergos, HON 4 
Bouboulinas 12 

Halargoes 155-62 

Athenes, Greece 


20 























ees 
=F LJ i. eo 2 

% paper rve.w ie “. d 

£ ¢P- ¥ 


1 
4 
a 

ay 
% 
PY 
5 
; 

‘ 
a 

4 

t 
4 

{ 





» eo har 


os 2 oe . 
° ae ~ 


i 
- . at pene ae aah, © 
# a eye fly, ye a Oe 

sist » ~~ ~~ Pal ~~ & Me bh 

ee * » ty tng Bn Be 5 Di, Me, 

. & @cu tle 

vay , 
_ Ram urs = ’ ‘ A “t 1 anr- ora 

aw = a ie ya om ame pts . a ote Pra ‘ é 

“ ' - e Puta “ot td . ” ~ — a afer FPF =e 

ee, Cy ee Bere ~ 2 one . . - on = a é » s # -“ saw a _, 4 wee “ 

main he amt & me ™ “ dh , . os . ’ e o eau days PO as an” 

ote a Pare - . . nga ~ he my . 3 lrg See eas nd 

4 : “ , a . Axe ry 

a pack, Ceptin tey  anere em Oy m re ted . s ae ie J tn ee ¥ y # ae reper . ‘ 
one ae 0 ae Oa, Me eryoe Ae op (iy Cag, By My . © y = P rw y Arter Pbphet PPP CT dale patede tone: one nar ¢ 
™ ® = % = . - we f s ‘ ’ A tee Pe Pete # nae Pt & tee of Foe Oe 

a 7 -” Ya 

we ee eos « a me” . ar y = — ’ 4 ow f ’ Pal od ’ 
o7~ ~_ = ~ Per, RI a Peele & s oe ~~ Ot ear ye pee OL PES F wrt 2 « » 
et i . mee 2% 4 é try . ° pan ht han a + CP nS na etn ee er eed a et ae 
~ ° # = ot - pm de. ted a gaa hcp OOP TT, acter OPS pate Cope ohh ore Bal OO agen wt eutetee Gi PaF~ 
y ste my dns s =e ~ © , y ao ~ rt ee as ory oe Pa ~ Aor ek ee ae 
vd net <a , Pied Pe Fe gohan 
- po Pom ed a 

est 


—_t 
Ba wy, en Fre 
hae ITI He 


ate 
e™ Oh io aa meray 
- am a 
agreed oe “ dete tee SW Aga am 
a 5 —_ eaten ey Cylin, ew te ae ad ~ te y~ 
‘ a we og YO rae a aon AF my Memento PPC eS Ubeler 
fas ey dear ye = & ~~ poy eg R Caer UM migra > & ‘ 
mae Pe me diy ey en Hey PEM MO CO OT a to ae my, Paste aaa 
= ae Pa, in Om, 0 a hg Cagle x, in? « Pry . 9 ae 
nd “. — Pe ae pn rag re < a te yea ~~ ee . 7 | % 
. ~ ~~ Peel 
eg O* el, Cn yy as LO 
at, ot my Sete HO AR 
Tete, sO pre BM yey tea 
: yt ey Hata = ve @ — ¢ = 
s_ase me o™= ea tet me =. 
<3~ee - win~ te ~ mm tot La? ers tae potas Me i 
* Sad pote ty ey oer ae = [al ~ = o # = 
ye A A Me ety raftte, Ae wales Anat Ye RNIN rom J ul mo ’ oP ae Pere 
| anette a ete ay Rye Oe, MEN OG ante Teer, ew yee - - r < . 7 a om # 
Ry cten y va ay OO OEE VEN om Cyetty Oy ye nO aoe ee | ~ ¥ zs eee to a 
pte : a rr or 7 = y re = m ry. > arte pag ete Belpre 
¥ pe “? = x hd - OBL OPA or o. - 6 - aoe wer BO OOO ~ pe ae Crh 
‘ “ ve ete Sie) ri 2 ON fy tear » gem od ¢ . 2 © ae aaa Peay * 
me oF - fe P Pe fed weed & ee 
onl . al P a“ 
A ah Ag . ava 
* 


bes Pn 





“# Si 


adem, oe . . 
rete RUN WOE avavatt 4 
rman tate Bae Gre = este a oty @e Bade vate « wey #8 
. eugte tat, me Pe wo 70 Ae Aye by My ae am sae ey ee etry Pm ¥ 
me yey ee ab awe » oan i nota & : Oe ee - ms 0% . - 
« a4 7 “ » ’ Prev we Ht ow Pr -~# a aS , Lon 
axae Pa neal fetiye . os 4 parm < hata ob Be ease POOP 
» fre FO aw hy — a o 1 OG OO 





HM 


3 2768 000 68951 7 


| 
| 


rae 
ae ° * fn Oy Paget Mae He ‘ “2 = 
Jan a alt lied P a eee me py a © ya AD -o, veal « 
tn nh ln ew ye “a Se HANA AA ~ aye Pa Sigtcl™ 09 PA Pe LP 4 
eRe ee Oye Set P ihe Z e™ ~ wi % Pnghh 8 seated . 4 v A = 
ay & OM a = PP ee akan ty ey Sad no cared Mb 7 
A eat Om peta deat Gone pt fa ePeg fade he wt « yl, gh fm & 
fe mat pt R % FINS ey > > - inde. stad f 


aaa dl 
~ eeu 
pate fi 20iiy Stag ire im OA  eaiiindal 
ete ete Reh Ou 


ae, <8 Ratintesttn Sete oe ~™ S rs 
eee ty As ENN 
yma Ee A ae 


» vie = in Aflied pe Que > Oe mn ® y 
rm os ache - ¥ bal 1 tad 

sa 7 4 Ba 

~ ye ae wy he 


a ee cee Bre Onte 


HV 


DUDLEY KNOX LIBRARY 


oer 
Oe yer 6 ORR ew Ewen Saeko 
ArH VR afer WF ad 
win Cy Be My wer mame AS 
a fe aye Fa Me -/ « 
afte a nee care Oe teen Pod we 
F - 5 PPP PAE TINS 





il 


4 brie Fo? af lai ad be ¥ 
7 Be tage CP Sag ODE ag « A ALL all 
Peed 60 Pe UN UES ~ 
a tae 3 eget PALE. 
: put 1 hapa se NPP IE 


Intro 
itroduction to the microcomputers for 


ae AR « gy” hr res saa « 

8 « ayn & ese SPX Beat fc re Fl OA aptdbehe . - 
2 Se, a ne deel Sift. Ae re wy eee " - setae ee Pe PPO FS 

: rem as ee in Oa s FoI SA Pere’ : a Spas 0 Swi Paya ae pe PF ARas Pe Oe oa PF 
rT Tas ee ond pl Po POPP LSI IS u “he PGtS 
0 EO Pe HS ag share AIP Ae od er ee ee oor Pir” Ne en 
faaginen Wy etre & oe wa ee en war,.% “ere ee eters a ia &, ated ad pa oi ARS eo 
Sex Cote Paley Pete Te ye Ainge Negrete oh lame om ™. ¥ ee Tee ‘we et lL el pat Ow id 
a aati 4 ihe Pete em waster Maren 
mane ah Me, ow Pah et Wed ies n Cateye Mee - 
f re oe m2 yes ae mF Cn A fA POTS 
Awe a @ I ey at bet 


Leehaat APD CLT TSN a) apically 
PALO ATL wir » 

PAB PPPOE 4 LO PE PEE 7 © o 7 

Rie rate Ryle ee POA Ce POPP P reat I" PP PD 
pena eteern Ad a PPI OF . 

rea aPe Ret tt é <Q ds « % ¥ 

ee a yy Pw Pht ALO PS Peau 

Seret fat 


: 
; 
2 
Y 
> 
> 


ow Tr 
ee ce meteor’ ST tan dite ted 
eqtutage parent By pe Aaetntstaste piotnte Gre 
. cq rtante wu PFs YOST NTE SOS eae 3 
forte rN eae eee a= eee eS te 
ee a> eet a tenth, af, tiny tir < be 
¢ te ORO Aah telarine rel 
eee eee ae, « Raich CGR 
4 Dg i PP PLE TUI- wet er See F a ad 
‘ — fi a NT nd eretarrs 


vp ah aaa 

4 Be By BLE Pe “ w 
_arer a al 
hie Cite Si POPALPES FF 


a eit anny es 3 
eee SEE ERS CoP Cee, HUN 
AEE INE “Oe 5 UE son ede Soke 
x A area une: ME. nan Ae Rte A 
a ee Wee iy) Wr ORF oo s 
. - ee rk a a, Bam Tre IO mr te eam a» 
Prony tal me et pe ele ted eT a mand ed 
yh bol mana? Sar * we wee eo = rr Sap (ee aa a aie? 
m : a PPE ST Ome’ ho Or Ce CEP ONS eerste > err 

fed r ~ OP PF AO IE 


ni lO 
Se Fares a 8 ARENT te ana AALS 
il a ep Ceti =8. 
Ee et OA CN 4 : 
’ er ae Repay NAAT wae Pe Se ‘ets 4 ; SN | ow 
Sp NR Ten UN te 
Oe RSA! wl OEY 
~ apes. | 


) waved Sete! i 
a re Ca tA agra OND TG tg Fe HY een PORTA A PEPE Ms SES A 
pile te ee paper ena me Peyeed APNE BEAD owrye 
f pe aaa tl Meher dey es AeA 4 
erie «ae Rig A Ae NES epte etgts Stee reply ROPE 
ng eee Me, VOID RAL Pore 


2A EEC RT AOE ET NO 

SE UNL Nae A ora aa 

i ee Peake “One Te WH ROU AT Oe ant tre v > 

Swe eee pene TL leap Oe uy ‘ ~ IOP * 
ye es BF ae trer te RNR LULLED FF” a ot Cas! 2 
4 weer <n 7 ‘ us é age = 
a wi PAN A ae a il 
g Bi PRIUS OW E> QOL 
ow i, A pore Le 


aN ten ne On reer errr weer 
“atop Se Naeger EN Sea eee ene UTE RE SE © # 
mate tse NG ty ele Dee Per eens Fg ON bee SE e ep Bete . : 
Re reread NESS ed tT ht ap tpl ward Va PT Ca ae EE: SE Fit ies Biel = ——_ ow : 
ee TAS tae ote “ ante Oia ng att te” a 4oe-4e ee = A Pa Pale ST as ‘ — 
i Fe attr ktebhl De Rey 9 ONT IET TF i | oy ste 2 eee OE es OMe oe a ne i 
ove R-ereaar ee ee SOS il ne te Pee a ae rant CoO POO Ne OF A 
i a gta weir Eee cath hstet-te-te el Pg ROE a pelt a NOES ay nn ep tel j= i ae ew ® > =< Pt PPL LR ORF PIR FPF BP Fe ; 5 a 
Eee)” cin in OU ee WF WO Y OT Th op - epee See ema inte Iw Se eee. WR Peay ses + 7 Pear © Fe Fern Cee er rach Fo eG: CEOS” FR PCOF A BMGT 
pla ee WA MEm Mas a Late ~~ ete Fete, ofbtte oA v ie ee PATe Ae ST  spenegentnd o PPPS op Me OL yee 
» om oboe arate Ond Aig « o--abs P-stotene- a 7 rs CDC F ang oP aw & ae 1 AI 4 Oe el had near x ‘ 
a - ye = — Mit FP OPE Deer «we pon RM eee nd eer pe Se re paid a tncdeatth 
— > fg LGC EDI TY ass Oe BN PILE pot aha ee erence vena ee re apm an er nna S COTE ee Care 
4 Se al aaa, wed erent Ser ee OT Le ALOE Ee awd ms See rere 7 PAP ORO OE 9 por aN ne a ner eee tee 
a | . js re Oe te ak tat a d 
ger fart *é Logie 2-4 : ples 1 oat OAV JOO, erg iont Cate aw ior octet 
aw: Greg Ore Sonpptar or een rR OO agree RW OO, one ar Spree ne 
Pe eS a tee oe, ET afte FOP heel 
the a gee ip tN SO hare mene ame 
De. an er eres 





